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EXPERIMENTS     AND    OBSERVATIONS    RE- 
LATING TO   THE   DIFFERENT    ACIDS, 


PART     I. 


OF    THE     NITROUS     ACID. 


SECTION    L 

Various  Ohfervations  relating  to  the  Proafsfor  making 
Sprit  of  Nitre y  and  of  the  ProduSlion  of  Air  in  the 
Courfe  of  it. 

HAVING  had  occafion,  as  muft  have  been  feen, 
to  make  ufe  of  a  confiderable  quantity  of  fpi-> 
rit  of  nitre,  it  will  not  be  wondered  at,  that  I  fhould 
be  defirous  of  choroiighly  underftanding  the  chemi- 
cal procefs  by  which  it  is  made,  and  of  making  ic 
myielf.  This  I  wifticd  to  do,  partly  to  fave  cxpencc  % 
but  principally  to  eicamine  with  my  own  eyes  every 
Vol.  IIL  B  thing 
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thing  relating  to  it,  and  make  what  variations  I 
Ihould  think  proper  in  the  procefs,  in  order  to  get 
the  acid  in  the  feveral  different  ftates  in  which  I  mig)it 
have  occafion  to  ufe  it,  without  depending  upon  the 
report  of  any  praftical  chenaift. 

Having  acquainted  Mr.  Woulfe  widi  my  wilhes, 
he  was  fo  obliging  as  to  furnifli  me  with  a  moft  com- 
modious apparatus  for  the  purpofc,  and  to  give  mc 
inftruftions  how  to  ufe  it. 

From  this  time  I  have  made  fo  manv  diftillations 
•  of  this  acid,  and  have  varied  the  circumftances  of 
it  fo  much,  that  I  now  think  myfelf  qualified  to 
teach  others ;  and  there  are  probably  few  perfons 
who  have  had  more  experience  in  this  particular  pro- 
cefs  than  myfelf.  I  think  myfelf  amply  reward- 
ed for  the  attention  I  have  given  to  it,  and  I 
expeft  to  derive  ftill  more  advantage  from  the  far- 
ther ftudy  of  it. 

As  feveral  of  the  obfcrvations  which  I  have  made 
upon  this  procefs  are  of  confiderable  importance, 
and,  as  far  as  I  know,  are  original,  I  fhall  give  an 
account  of  the  principal  of  them,  eipecially  fo  far 
as  they  tend  to  throw  light  upon  the  properties  of 
diis  acid,  which  is  fo  important  an  agent  in  every 
thing  relating  to  the  bulinefs  of  air. 

It  was  firft  advanced  by  Mr.  Woulfe,  Phil. 
Tranf.  VoL  XVII.  p.  178,  ^ukI  is  now  generally 

taken 
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taken  for  granted,  that  in  this  procefs,  as  well  as  in 
ftveral  other  chemical  diftillations,  there  is  a  very 
great  abforption  of  air.  This  always  appeared  to 
me  very  extraordinary,  and  to  agree  very  ill  with 
what  I  had  myfelf  obferved  concerning  the  produc- 
tion of  air.  Nitre  itfelf,  I  knew,  would  yield  air, 
and  of  a  very  pure  kind ;  and  though  the  addition  of 
oil  of  vitriol  would  not  add  to  the  quantity,  I  faw  no 
reafon  to  think  that  it  could  diminijh  it.  Had  there, 
indeed,  been  any  phlogiftic  matter  in  the  retort,  it 
would  diminifh  the  air  qontamed  in  the  vefTels,  and 
the  fumes  of  the  fpirit  of  nitre  itfelf  have  certainly 
the  fame  e&6t.  But  this  could  not  well  exceed 
one  fourth  of  the  whole,  and  this  by  no  means  came 
up  to  what  was  generally  fuppofed  of  the  great  con- 
liimption  of  air  upon  this  occafion.  And,  though  I 
knew  that  there  muft  neceflTarily  be  a  diminution,  by 
phlogiftication,  of  the  common  air  contained  in  the 
netort  and  the  receiver,  &c.  yet  I  could  not  help 
thinking  it  probable,  that  the  air  which  would  be 
%pieraud  from  the  materials  would,  in  moft  cafes, 
and  efpecially  if  great  heat  was  ufed  in  the  procefs, 
and  if  it  was  urged  to  the  utmoft^  more  than  fupply 
tl)i^  deficiency. 

Accordingly,  the  firft  time  that  I  had  an  oppor- 
portunity  of  feeing  this  procefs  from  the  beginning  to 
the  end,  I  added  a  fmall  apparatus  for  receiving  the 

B  2  air 
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air  that  might  come  from  it,  or  at  lead  to  enable 
itie  to  form  a  tolerable  judgment  whether  there  was, 
in  reality,  an  excefs  either  oflofs  or  gain  with  refpedt 
to  air  in  the  courfe  of  it ;  and  I  faw  enough  to  con- 
vince me  that  there  was,  at  that  timCj  an  evident 
produSion  of  air. 

The  qtiantky  of  fpirit  of  nitre  that  we  made  was 
about  fix  ounces,  with  the  proportion  of  fix  ounces 
of  oil  of  vitriol  to  eight  of  nitre.  The  generation  of 
air  was  obfcrvable  in  almofl:  every  part  of  the  pro- 
cefs,  but  more  elpecially  towards  the  end  of  it  j  and 
all  the  air  that  I  caught  appeared  to  be  better  than 
common  air  j  the  firft  part  of  it  in  the  proportion  of 
one  and  a  half  to  one,  and  the  reft  of  two  to  one. 
Alfo  a  confiderable  quantity  came  afterwards,  which 
I  did  not  catch,  but  only  obferved  that  when  it  was 
difcharged  into  the  open  air,  it  was  cloudy,  as  dc- 
phlogifticated  air,  when  it  is  firft  produced,  gene- 
rally is.  Indeed  the  fuperior  quality  of  this  air  fuf- 
ficiently  proved  that  it  was  not  the  common  air  ex- 
pelled by  heat  from  the  retort  and  receiver,  but 
muft  have  been  produced  from  the  materials  em- 
ployed in  the  procefi. 

Though  I  was  myfelf  fufficiendy  fatisfied  with 
the  refult  of  this  firft  experiment,  I  was  willing  to 
put  an  end  to  all  poflTiblc  doubt  with  refpeft  to  it,  b> 
repeating  the  procefs  when  the  neck  of  the  retort, 

and 
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and  the  whole  body  of  the  receiver,  fliould  be  covered 
with  water,  with  a  glafs  valve   (fuch  as  Mr.  Parker 
makes  for  his  apparatus  for  impregnating  water  with 
fixed  air)  adapted  to  the  upper  part  of  the  receiver, 
in  order  to  let  out,  and  colleft,  whatever  air  might 
be  expelled  or  generated,  but  to  admit  of  no  return 
of  air  into  the  veflcls  j  and  when  the  procefs  fhould 
be  over  to  make  an  opening  into  the  apparatus  under 
water,  which  only  would  then  be  admitted  to  fupply 
the  place  of  the  air.      By  making  the  procefs  in 
thefe  circumftances,  carefully  coUefting  all  the  air 
that  fhould  iffue  from  the  valve,  meafuring  the  quan- 
tity of  water  that  fhould  enter  the  vdTels  when  the 
procefs  was  over,  and  comparing  this  quantity  with 
the  contents  of  the  retort  and  receiver  together,  I 
could  not  fail  to  afcertain  the  fa<5l  in  the  mofl  fatif-. 
factory  manner  pofTible.     The  particulars  of  the 
experiment  were  as  follow,   and  they  abundantly 
prove  that  air  is  not  abforbed,  but  generated,  in  this 
procefs. 

I  put  into  the  retort  ten  ounces  of  nitre,  and 
eight  ounces  of  oil  of  vitriol ;  and  plunging  the  end 
of  the  retort,  and  the  whole  body  of  the  receiver,  in  a 
px>ugh  of  water,  left  an  orifice,  to  which  was  fitted 
a  glafs  valve.  Towards  the  beginning  of  the  pro- 
cefs, twenty  three  ounce  meafures  of  common  air 
were  expelled ;  but  very  litde  afterwards,  till  near 
the  end  of  the  procefs,  when  J  received  thirty  two 
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ounce  meafures  of  air,  the  bulk  of  which  was  fo 
pure,  that  one  meafure  of  it  required  an  equal  mea- 
lure  of  nitrous  air  to  faturate  it,  and  the  very  laft 
that  canne  was  fo  pure,  that  it  took  twice  its  quan- 
tity of  nitrous  air,  without  being  in  the  lead  increafed 
in  bulk. 

Opening  the  receiver  under  water^  there  ruftied 
into  it  twepty  nine  ounces  of  water,  and  I  found 
that  the  whole  cavity  of  the  receiver  and  retort 
together,  exclufive  of  the  fpace  occupied  by  the 
materials  for  the  experiment,  was  forty  fix  ounce 
meafures  J  fo  that  there  were  twenty  fix  ounce 
meafures  of  air  generated.  Had  even  the  whole 
cavity  of  the  retort  and  the  receiver  been  filled 
with  water  on  opening  them,  ftill  there  would 
have  been  nine  ounce  meafures  produced;  for  fo 
much  did  the  quantity  of  air  expelled  from  the  vef- 
fek  exceed  their  utmoft  contents. 

After  this  experiment,  no  reafonable  doubt,  I 
think,  can  remain  with  relpeft  to  the  faft.  For 
there  cannot  be  any  difference,  in  the  nature  of  the 
thing,  whether  the  diftiUation  be  made  in  a  fmallerj^ 
or  in  a  larger  way.  However,  I  have  fince  frequent- 
ly diftilled  pretty  large  quantities  of  this  acid ;  and 
though  I  did  not  make  the  experiment  with  fb  much 
attention  as  in  the  laft  cafe,  every  appearance  that  I 
did  attend  to  confirmed  me  in  the  fame  lenriment. 
Nor  do  I  fee  what  could  have  given  occafion  to  the 

contrary 
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contrary  opmiai,  bcfides  the  entrance  of  the  air  into 
the  receiver  when  d*e  apparatus  was  cooling,  at  the 
condufion  of  the  proceis,  without  confidering  how 
much  had  becnacpclfcd  from  the  veflfels  while  they 
were  heating,  k  is  poffiblc,  however,  that  if  the 
pmccTs  iliould  not  ibe  urged  tx>  the  lall,  the  quantity 
of  air  produced  might  not  fupply  the  lofs  occafioned 
by  the  diminution  of  the  common  air,  from  the  fumes 
of  the  generated  fpirit  of  nitre ;  fince  this  diminution 
may  be  one  jfourth  of  the  capacity  of  the  veffels.  But 
the  loft  muft  exceed  this  proportion  before  it  can 
i^gpta^  that  there  is  any  proper  ahforptien  of  air  In 
this  proceis« 

The  fourcc  of  the  air  produced  in  this  procefs  is, 
amqwftionahiy,  the  acid  of  the  nitre  i  when  the  heat 
is  very  great,  I  have  obierved  that  in  this^  as  well 
4is  in  other  proccfles,  a  greater  quantity  of  a  pow- 
^ry  fubftance  will  be  cfrried  off  by  this  acid  more 
than  it  can  hold  in  foludon  when  it  is  cold.  On 
out  occaHon  in  particular,  when  I  was  diftilling  a 
pretty  large  quantity  of  Ipirit  of  nitre,  from  nitre 
that  was  not  very  clean,  and  when  the  heat  was  ac- 
cidendy  greater  than  it  ought  to  have  been,  a  denfe 
cloud  of  whirilh  matter  poured  from  the  retort  into 
the  receiver,  quite  filling  the  lower  part  of  it,  and 
rendering  it  almoft  intirely  opaque  ;  and  the  ipirit 
of  nitre  which  came  over  at  that  time,  and  which  I 
received  feparately,  in  Mr.  Woulfc's  manner,  had  a 
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pretty  large  quantity  of  whitiih  lediment,  exadly 
like  that  which  I  had  fbmetimes  coUedted  after  the 
produftion  of  dephlogifticated  air  that  had  been  very- 
cloudy.  I  have  likewiie  had  a  fediment  of  the  fame 
kind  in  various  procefles  for  diftilling  fpirit  of  nitre, 
though  nevef  fo  much  of  it  as  on  this  particular 
occafion.  Somediing  like  it  is  alio  generally  found 
after  evaporating  to  drynefs  a  quantity  of  fpirit  of 
nitre  -,  in  doing  which  I  had,  at  one  time,  the  ioU 
lowing  appearances,  and  with  the  account  of  them 
I  ihall  clofe  thb  fedion. 

In  evaporadng  a  quantity  of  fmoking  fpirit  of 
nitre,  in  a  deep  phial,  the  fumes  were  firft  red,  but 
afterwards  quite  tranlparent  within  the  phial,  and  a 
ihiall  quantity  of  the  white  fediment  remained,  which 
became  yellow  when  water  was  poured  upon  it. 

There  is  alfo  a  fmall  white  refiduum  after  the  eva- 
poration of  oil  of  vitriol.  This  Dn  Withering 
found  to  be  felenite. 
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SECTION      II. 

Obfervatms  relating  to  the  Colour  and  Strength  of  the 
Nitrous  Acid,  according  to  different  Circumftances  in 
the  Procejsfor  making  it. 

JT  is  obvious  to  fuppofe  that  the  more  of  the  acid 
vapour  is  condenfed  in  any  given  quandty  of 
fluid,  the  ftronger  the  acid  muft  be ;  and  it  ap- 
pears to  me,  that  it  is  impoflible  to  increafe  the 
ftreng^  of  the  acid,  without  in  fome  meafure  hei^- 
tening  the  colour  of  it,  though  the  colour  alone 
afibrds  no  fufficient  indication  of  its  ftrength.  Be^ 
caufe  an  addition  of  phlo^fton,  which  in  fa£t  weakens 
the  acid,  by  a  kind  of  faturation,  likewife  heightens 
its  colour ;  and  before  I  made  my  own  fpirit  of  ni- 
tre, I  was  often  deceived  by  this  circumftance,  and 
fomedmes,  I  fufpedt,  impofed  upon ;  having  bought 
Ipirit  of  nitre  of  a  very  weak  quality,  hardly  dif- 
tinguifliable  in  colour  from  the  very  ftrongcft.  In 
general,  the  light  yellow  fpirit  of  nitre  is  the  beft, 
containing  widi  the  moft  acid,  the  Icaft  phlogifton ; 
but  it  feems  to  be  ihipoflible  to  procure  an  acid 
much  exceeding  the  ftrength  of  this  beft  common 

%  fort. 
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fort,  without  giving  it  a  deeper,  or  an  orange  co- 
lour. 

The  laft  part  of  every  produce  of  fpirit  of  nitre 
is  of  a  deeper  colour  than  the  refti  and  this  I  have 
always  found  to  yield  lefs  nitrous  air  than  the  pale 
yellow  acid  that  preceded  it.  And  it  is  rennarkable, 
that,  though  thefe  acids  be  received  in  the  fame  vef- 
fel,  they  will  continue  unmixed  more  than  a  day, 
and  the  uppermoft  may,  with  care,  be  poured  off 
from  the  lower.  When  I  firft  obferved  this,  I 
thought  it  to  be  owing  to  the  phlogifton  making  the 
Ipirit  of  nitre,  which  was  highly  charged  with  it, 
ipecificaHy  lighter  than  the  reft,  and  therefore  dif- 
jx)fed  to  remam  at  the  top  of  it ;  till  I  obferved  the 
feme  thing  concerning  that  phlogifticated  fpirit  of 
ftitre  which  always  comes  firil,  when  fubftances  con- 
taining phlogfftoh  are  mixed  with  the  materials  in 
the  prbcels.  For  rfiis  deep  orange  coloured  ^rit 
remains  in  die  bottom  of  the  phial,  without  feeming 
to  be  at  all  difpofed  to  rife,  and  mix  with  the  yel- 
ibW  %iirit,  which  refts  on  the  top  of  it. 

I  have  frequenriy  taken  the  produce  of  nitrous  acid 
in  the  courfe  of  a  diftillation  at  feveral  times,  in  or- 
der to  make  obfervations  on  their  ftrength,  and 
other  phenomena  attending  the  folution  of  metals  in 
them.  Of  one  of  thefe  proceffes  I  fhall  give  a  par- 
ticular account,  becaufe  I  gave  more  attention  ta 
it  than  to  any  other,  though  I  have  frequently  ob- 
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fcrved  all  the  fame  things  in  various  other  diftiU 
ktions. 

In  diftilling  a  large  quantity  of  fpirit  of  nitre  I 
received  the  acid  at  four  times.    The  firft  produce 
was  very  pale,  and  ftt-onger  than  any  that  came  af- 
terwards.    A  quantity  of  it  occupying  the  fpace  of 
two  pennyweights  of  water,  produced,  without  heat, 
nine  ounce  mealbresl  and  a  half  of  nitrous  air.     It 
cfFervefced  violently  on  mixing  with  water,  emitting 
denfe  red  fumes,  and  its  action  was  the  Ilrongeft  at 
firft.     The  fecond  part  of  the  produce  was  ftiM  paler, 
and  yielded  eight  ounce  meafures  and  a  half  of  nitrous 
air.   This  alfo  mixed  with  water  with  efiervefcence, 
and  its  action  was  the  ftrongeft  a  little  time  after  it  was 
firft  applied.     The  third  part  of  the  produce  was 
brown  j  it  made  no  efiervefcence  in  mixing  with  wa* 
ter,  and  yielded  feven  ounce  meafures  and  a  quarter 
of  nitrous  air>  which  came  flowly  at  firft,  but  quicker 
afterwards.     The  laft  part  of  the  produce  was  of  a 
deep  orange  colour  5  it  made  no  efiervefcence  in 
mixing  with  water,  the  air  was  produced  equally, 
and  was  in  quantity  five  ounce  meafures. 

Repeating  the  experiments  on  the  produftion  of 
air  with  thefe  acids  the  day  following,  I  found  that 
they  all  yielded  confiderably  lefs,  without  heat,  than 
they  had  done  the  day  before  ;  and  even  a  boiling 
heat  did  not  make  them  yield  fo  much  air  as  they 
had  done  before  without  heat.     The  difference  alfo 

in 
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in  Ac  produftion  of  air  was  in  about  the  (ame  propor- 
tion as  the  day  before  j  but  the  difference  between 
the  produce  of  air  from  the  laji  produce  of  the  acid, 
which  yielded  lefs  air  both  whb  and  without  heat, 
was  much  greater  than  in  the  former,  which  yielded 
more  ain 

It  was  evident  from  this  experiment,  and  the  fame 
was  the  reliilt  of  feveral  others,  that  the  acid  which 
comes  over  firft  in  diftillation  is  the  ftrongeft ;  which 
may  poflibly  be  owing  to  its  being  the  pureft,  in 
confequence  of  containing  the  leaft  mixture  of  vi- 
triolic acid  :  for  it  is  made  much  lefs  cloudy  by 
the  mixture  of  a  folution  of  filver  in  the  nitrous 
acid. 

Thinking  to  procure  a  very  ftrong  fpirit  of  nitre, 
I  ufed  oil  of  vitriol  highly  concentrated  -,  and  I  boiled 
the  nitre  which  I  ufed  a  long  time  in  a  glafs  vefiel, 
£>  as  to  exclude  all  the  water  I  could  from  the  pro* 
cefs,  and  admit  as  little  pbbgifton  as  poflible.  But 
though  the  produce  was  a  fpirit  of  nitre  fomewhat 
flronger  than  any  that  I  had  made  before,  the  differ- 
ence was  not  confiderable ;  nor  could  I  be  fure  that, 
in  a  number  of  trials,  the  advantage  would  be  on 
its  fide. 

Though,  in  this  procefs,  I  took  all  pofTible  care 
to  exclude  phlogifton,  the  whole  produce  was  of  a 
brownifh  colour.  On  mixing  the  ingredients,  a 
great  heat  was  produced,  and  very  red  fumes  pre- 
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fendy  filled  the  retort ;  whereas,  in  the  common 
proccfi,  it  is  only  a  whitifh  cloud,  like  vapour  of 
Mrater,  that  riles  firft.  On  the  application  of  heat, 
the  retort  prefcndy  became  clear,  and  the  red  va- 
pours pailed  into  the  adopter  and  receiver  j*  but  to- 
wards the  end  of  the  proceis  they  re-appeared  in 
the  retort.  Upon  the  whole,  therefore,  the  phe- 
nomena of  this  diftillation,  except  at  the  firft  mixing 
of  die  ingredients,  did  not  at  all  diifer  from  thofe  of 
the  common  one. 

That  the  brown,  or  deep  orange  colour,  in  the 
Ipirit  of  nitre,  is  imparted  to  it  by  phlogifton,  evi- 
dendy  appeared  by  mixing  a  litde  charcoal  with 
the  other  materials  in  this  diftillation  i  when  feveral 
adopters,  which,  forefeeing  the  confequende,  I  had 
purpofely  provided,  were  all  filled  with  copious  red 
fumes,  and  a  very  brown  fpirit  of  nitre  was  produced. 
Much  ^r  alfo  was  generated,  part  of  which  was 
fixed,  and  part  ftrongly  nitrous. 

A  fhiall  quantity  of  brafs  duft  had  a  fimilar  efi^edt, 
in  phlogifticating  the  fpirit  of  nitre.  The  fame  alio 
had  a  few  drops  oijpirit  of  wine ^  and  other  lubftances 
c(xitaining  phlogifton.  But  if  much  Ipirit  of  wine, 
oil  of  turpentine,  or  other  fluid  fubftances,  of  a  fimi- 
lar nature,  be  made  ufe  of,  the  heat,  and  the  quan- 
tity of  vapour  becomes  exceflive,  and  the  proceis 
cannot  go  on. 

When 
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When  I  ufed  oil  of  vitriol  that  waa  only  blacl^, 
I  found  no  fcnfible  difference  in  the  fpirit  of  nitre^ 
from  that  which  had  been  got  from  oil  of  vitriol 
perfeftly  tranfparent ;  the  quantity  of  phlogifton  ne- 
ceffary  to  blacken  oil  of  vitriol  being  tqo  inconfiderr 
able  to  have  any  fenfiblc  efFeft  in  this  procefs. 

I  have  obferved  that  phlogifton  deepens  the  colour 
cf  ipirit  of  nitre,  but  i(  is  r^n^arkable  ths^t  heat  alfb^ 
without  any  addition  of  phlogifton,  produces  the 
fame  efFe<5t ;  as  may  prefendy  be  obfefved  by  heat- 
ing a  qi^antity  of  the  paleft  coloyred  fpirit.  This  is 
a  phenomenon  es^adUy  fimilar  to  that  of  pbe  tubes 
and  phials  filled  with  the  nitrous  vapour,  which  allq 
tfilime  a  deeper  colour  when  they  are  made  warni. 
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Of  the  Colour  of  the  Nitrous  Acid. 

1H  AV  E  obferved  that  beat  never  fails  to  give  a 
high  orange  colour  to  the  paleft  Ipirit  of  nitre, 
and  that  with  the  Jefs  heat  the  acid  is  made,  the 
lighter  the  colour  of  it  will  be.  Having  purpofely 
made  the  procefs  for  diftilling  this  acid  with  as  litdc 
heat  as  poflible,  and  taking  care  to  have  no  phlo- 
giftic  matter  in  the  materials,  I  procured  a  large 
quantity  of  the  acid  (that  which  came  in  the  middle 
of  the  diftillation)  as  nearly  as  poflible  quite  colour- 
lefs,  like  water,  and  yet  of  the  ftrongeft  fort. 

I  have  alfo  obferved  a  farther,  and  a  very  remark- 
able change  of  colour  in  the  phlogifticated  nitrous 
acid,  after  being  kept  a  long  time  in  phials  with 
good  glafe  Hoppers,  For  from  being  of  the  deepefl 
orange,  it  has  become  quite  green^  the  fuperincum- 
bent  vapour  continuing  ftill  of  an  orange  colour. 

This  change  I  firft  obferved  in  a  confiderable 
quantity  of  nitrous  acid,  which  had  been  of  a  light 
ftraw  colour,  and  had  aflumed  the  decpeft  orange, 
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by  expofurc  to  heat  in  a  glafs  tube  hermetically  feal- 
ed.  This  was  alfo  the  cafe^  with  feveral  quantities- 
of  the  acid  incumbent  on  the  cryftals  of  oil  of  vi- 
triol, of  which  I  fhall  make  frequent  mention ;  an<i 
in  one  of  the  phiak  it  had  paffed  from  green  to  a 
deep  blue. 

I  muft  alfb  take  notice,  in  illuftration  of  this 
faft,  that,  in  the  procefs  for  producing  the  nitrous 
vapour,  viz.  the  rapid  Iblution  of  bifmuth,  the  li- 
quid that  comes  over,  mixed  with  the  vapour,  and 
which  drops  now  and  then  from  the  end  of  the  tube 
out  of  which  the  vapour  iffues,  is  generally  of  a 
deep  blue. 

Laftly,  if  a  quantity  of  this  deep  green  acid  be 
put  into  a  large  phial,  where  the  vapour  has  liberty 
to  expand  itielf,  it  refumes  its  orange  colour.  This 
I  have  alfo  oblerved  is  the  cafe  on  pouring  it  on 
concentrated  vitriolic  acid. 

I  have  fince  that  made  many  more  obler- 
vations  relating  to  the  colour  of  this  acid ; 
and  I  think  I  have  decifively  proved,  that  neither 
this  acid,  nor  the  muriatic,  have,  naturally,  any 
more  colour  than  the  vitriolic  acid,  or  than  water 
itfelf ;  being  able  to  give  them  colour,  ch-ange  it> 
or  wholly  take  it  away  at  pleafure ;  and  Ibme  of  the 
circumftances  in  which  thefc  changes  take  place  arc 
not  a  little  remarkable. 
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The  h&s  that  I  fhall  relate  prove  that  it  is  either 
fblopjimy  or  mere  beaf,  that  gives  colour  to  this 
acid^  that  this  colour  may  alio  be  all  expelled  by 
heat;  but  that  continuance  of  heat  will  give  it 
more  colour,  and  deepen  it  at  pleafure,  fo  that 
more  heat,  in  glafs  veflels  hermetically  fealed,  ieems 
to  have  the  iame  efFeft  with  phlogtflon.  But, 
more  probably,  heat  afFefb  it  in  fuch  a  manner,  as 
to  develope,  as  it  were,  the  phlogifton  it  contained 
before,  and  put  it  into  a  new  fiate^  rendering  that 
part  of  the  acid  to  which  it  is  attached  both  more 
volatile,  and  alio  diipoled  to  refleft  the  rays  of 
light  in  a  particular  manner ;  whei^eas,  before  this 
action  of  the  heat,  the  phlogifton  was  latent ^  at 
leaft,  did  not  evidence  itfelf  by  thofe  particular 
cffefts.  It  will  appear,  however,  hereafter,  that 
heat  gives  colour  to  the  nitrous  acid  by  expelling 
the  pure  air,  which  leaves  the  reft  phlogifticated. 

On  the  firft  of  Auguft,  1777,  I  relumed  my 
experiments  on  this  fubjeA ;  when,  having  provided 
a  land  furnace,  to  be  kept  hot  for  a  conliderable 
time,  for  many  purpofes  that  will  be  mentioned  in 
the  courfe  of  this  volume,  I  put  a  quantity  of  ftrong 
axKi  pale  coloured  ^irit  of  nitre  into  a  glals  tube, 
about  an  inch  in  diameter,  and  three  feet  long ;  and, 
iealing  it  hermetically,  I  placed  it  in  the  warm 
land.  Taking  it  out  after  fome  time,  I  found  it 
orange  coloured  \  and  though  it  was  more  deeply 
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coloured  while  it  conrittoed  h<5t  ihMn  it  was  after- 
wards,  it  retained  fo  much  of  the  <roiow>  as  to  "be 
ever  after  of  as  deep  an  orafige  colour  as  fpirit  of 
nitre  is  generally  found  to  be.  Anii  though  tefdre 
this  procefs  the  vapour  rUing  ffotn  it  Was  q^iite 
cdoiirlcfs,  there  being  nothtttg  vi^Sbie  above  jthe 
fijrfice  of  the  add,  ih  the  phid  from  which  it  w» 
taken,  the  whde  tnbe  (which  I  have  obferved  was- 
three  feet  in  length)  was  uniformly  filled  with  the 
dark  orange  coloured  vapour. 

This  procefs  being  'perforrfied  in  a  glafe  tube 
hernnetically  fealed,  I  was  faUy  fitisfied,  that  thk 
colour  which  the  acid  had  allumed  could  not  be 
owing  to  any  thing  befides  heat.  That  it  was  lioc 
owing  to  aiiy  thing  peculiar  to  the  glais  of  lead^ 
of  which,  in  a  great  meafure,  flint  g^afs  confift^, 
was  evident  from  obferving  Ae  fame  efffeft  on  the 
acid  when  the  experiment  was  made  in  common 
green,  or  bottle  ^a6« 

Having  about  the  &me  tiitie  cscpofed  to  a  hesSt 
of  fom^  continuance  feveral  quantities  of  blue  sUid 
:green  ^irit  of  nitre,  it  may  not  be  improper  tt> 
note  die  refults  of  thefe  cq)eriments  in  this  place* 
In  one  inftance,  the  green. ipirit  of  nitre  became 
orange  coloured;  but  when  it  was  cold  it  v^» 
ahnoft  as  green  as  at  firll,  though '  there  was  evi- 
dently a  mixture  of  yellow  inic 

When 


.  When  I  h«i  es^iofed  a  quai»titf  ^  bltie  ^ifk- 
of  iiiztrc  in  a  long  ^afs  tube  a  &w  day^,  the  tAiitf 
Mbcir  was  bareSy  peisceivable.  k  vf^  pkttA  hi 
the  3find  6sfkMt  on  the  23d  df  A«guft»  and  or 
^  301&  of ^  ^tember  foUb4;rifig  k  i^a^  ekrk^ 
cckfvtiMsy  and  had  no  vifibte  ftd  vtiptrot  met  k- 
y^Asan  cold* 

I  alfo  expofed  to  a  vei^r  moderate  heac  a  imsA 
phial  widi  a  ground  fbopper^  ^iSvAoft  Mted  with  a 
deep  blue  nitrous  atid)  when  k  prefently  afliimed  a 
deep  green,  and  when  it  was  cold  k  refumed  iiA 
fimmer  blue  colour.  In  this  exf>eriinent  the  hesx, 
had  not  been  continued  fufficiently  long  to  produd9 
at  permanent  chaxige  g£  colour.  For^  having  ex- 
pofed  to  a  modcrace  iieat^  k  a  long  gkfi  tube, 
hermetically  fealed>  a  quantity  of  blue  nitrous  acid) 
k'idflft^  -bhie  Colour^  and  afiumed  a  yellow  one; 
and  when  it  was  cdd  the  blue  colour  did  not  r^ 
fiim^  except  in  the  fmalieft  degree* 

I  did  no^  however^  come  to  this  coiiclufioit 
coneeming  the  caufe  of  the  chaste  of  colour  itt 
thk  acid  in  the  fummary  manner  above  delcribed-i 
but  in  conjfequencc  of  a  feries  of  obfervations,  aH!- 
tended  with  a  variety  of  cirtnitnftanccs^  fome  cH 
which  ^erc  remarkable  cnou^. 

A  little  time  before  I  had  made  the  ea^rimeiM 
above  reclDed,  I  had  begun  a  new  mode  of  e^i)^^ 
ing  a  variety  of  fiuid  fiibft^ce^i   which  Wa&ir  t^ 
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put  a  fmall  quantity  of  the  fluid  into  a  glafs  tube, 
three  or  four  feet  long,  and  fealing  it  hermetically, 
to  expofe  the  end  containing  the  fluid  to  as  great 
a  degree  of  heat  as  I  found  it  could  bear ;  and  to 
keep  it  in  that  heat  a  confiderablc  time.  My  de- 
Cgn  in  providing  tybcs  of  this  length  was  to  give 
room  enough  for  the  vapour  to  expand,  and  con- 
denfe  in  the  remote  and  cool  end  of  the  tube,  while 
it  was  boiling  in  the  other  end. 

In  this  manner  I  expofcd  to  the  influence  of  heat 
a  fmall  quantity  of  fpirit  of  nitre,  as  I  had  done  a 
variety  of  other  fluid  fubftanccs,  without  any  par- 
ticular expeftation. 

-  The  acid,  however,  no  fooner  felt  the  heat  tha^ 
it  exhibited  appearances  that  engaged  my  attention 
very  ft:rongly. 

.  Tlie  fpirit  of  nitre  I  made  ufe  of  was  of  the 
ftrongcfl:  and  palefl:  fort,  widiout  the  leafl:  perceiv- 
able red  vapour  over  the  furface  of  it.  The  glafs 
tube  in  which  it  was  confined  was  about  four  feet 
long,  and  about  one  third  of  an  inch  in  diameter, 
and  the  ipace  occupied  by  the  acid  was  two  inches 
in  length.  The  tube  thus  prepared  I  held  in  my 
hand,  prefcnting  the  end  in  which  was  the  ipirjt 
of  nitre  to  a  common  fire,  and  holding  the  tube 
in  an  inclined  pofition.  The  firfl  eflTedt  of  the 
heat  to  which  it  was  expofed,  was  its  affisming  an 
orange  colour  throughout.      After    this,  a  deep 

I  orange 
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orange  coloured  vapour,  appeared  above  die  fur- 
face  of  die  acid,  and  gradually  aicended  higher 
into  die  tube,  at  the  fame  time  that  the  acid  itfelf 
grew  paler,  and  at  length  became  quite  colourlefs, 
like  water,  all  the  colouring  matter  being,  to  ap- 
pearance, driven  out  of  it. 

This  red  vapour  kept  riling  higher  and  higher 
in  the  tube,  leaving  a  confiderable  fpace,  ibme  times 
of  ten  or  twelve  inches,  between  it  and  the  acid, 
all  which  fpace  was  quite  tranfparent.  •  This  was 
a  very  pleafing  appearance,  and  it  was  amufing  to 
obferve  the  fpace  occupied  by  the  red  vapour, 
which  extended  three  or  four  inches,  every  thing 
elfe  in  the  tube  above  and  below  it  being  tranf^ 
parent,  and  the  red  fpot  itfelf  receding  from  the 
•acid  as  the  heat  increafed,  or  approaching  to  it  as 
the  heat  diminiihed. 

I  obferved,  however,  that  by  the  continued  ap- 
plication of  heat  the  quantity  of  red  vapour  in- 
creafed, and  the  colour  grew  manifeflly  deeper: 
I  then  withdrew  it  from  the  fiie,  and  prefcndy  faw  the 
red  vapour  defcend  lower  and  lower,  till  it  reached 
the  colourlefs  acid  at  the  bottom  of  the  tube,  and, 
entering  into  it,  communicated  to  it  its  own  orange 
colour*  But  when  it  was  quite  cold,  I  did  not,'  at 
dut  time,  pecceive  that  the  acid  was  of  a  deeper 
colour  than  it  had  been  at  the  commencement  of 
the  procefs,  and  no  vifible  vapour  remained  upon 

C3  it. 
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jfi.    To  produce  tipennajicot  colourt.  an  I  cbktmfA 
^ibre,  more  Aieo^  w«6  reqvi&e. 

When  one  of  th^k  tv]^es  had  been  thoraughfy 
betted  two  or  three  timcs^  and  diie  hft  time  had 
jbeen  es^poled  to  x  boding  hear  hv  abotitan  hour 
(the  heat  having  been  fiich  as  to  l^^eep  die  acid 
quits  c6lourieis>  and  fikewiie  to  pnake  a  lar^  co- 
Jkmrle6  ipage  above  the  acid)  I  let  ijt  cool  in  a  very 
good  Ught^  and  then  obferved^  that  as  the  red  va>- 
ipours  defcended^  and  the  condenied  liquor^,  highly 
fhftrged  with  ity  trickled  dcmn  the  tube>  and  noixed 
with  the  colourleift  acid  bdow^  it  made  waves  in 
the  acid>  Ibnciething  like  oil  in  water^  or  rather  like 
the  mixture  of  ^  ftroi^  acid  in  water,  and  that 
this  denier  apkl  deicended  in  diefe  yifible  waves 
to  the  very  batcom  of  the  liquor ;  and  yet  when 
the  depth  of  the  acid  was  about  two  inches,  the 
Ripper  p^  wBfi  feniibly  darker  coloured  by  thi$ 
means  than  the  kiwen  I  alfo  ob&rved,  that  while 
^  acid  was  acquiring  its  cokxir,  a&  long  as  it  con^ 
^nued  tolerably  warm,  a  yapour  kept  ifluing  out 
of  it,  af)d  dancing  in  a  beauti&d  iiianner  to  the 
beighdi  of  an  inch,  or  two  inches^  above  the  fur* 
&ceof  it 

I  had  ieyerad  tidies  in  which  this  procefr  had 
beeft  pesfbrmed,  ooe  of  which  was  an  inch  wide, 
and  dEuree  feet  long ;  and  though  it  had  only  a  finall 
fffifilBfOtf  of  acid  in.  it,  originally  of  a  pale  odour, 
''*   '     '  and 
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and  without  aay  vifiUe  vapour,  die  whole  of  that 
lai^e  tube  was  fiUed  with  the  denlcfl:  onuige  co- 
loured vapour  esrpeUed  in  this  manner  from  die  psde 
actdy  and  it  continued  fo  more  than  a  year,  without 
any  appearance  of  the  vapour  entering  'into  the  acid 
again;  except  that  the  colour  of  the  acid,  from 
being  of  a  deep  orange,  which  it  retained  a  con* 
iiderabk  time,  became  quite  green.  This  was  alib 
the  cafe  with  a  pretty  large  quantity  of  the  acid, 
ivhich  had  been  quite  pale,  but  was  made  of  a  deep 
orange,  by  expofure  to  heat  in  glafs  veflels  her* 
metically  feakd,  and  in  that  ftate  transferred  into 
a  phial  vdth  a  ground  ftoj^r,  and  which  was  kept 
clofe  fhut  near  a  year. 

I  had  now  tubes  filled  with  the  red  vapour  of 
ipirit  of  nitre  exadtljr  refembling  thofe  of  wluch 
Uk  account  will  be  given  hereafter,  made  by  the 
rapid  folution  of  bifmuth  in  ipirit  of  nitre ;  and  I 
^nd  that  thefe  had  the  very  fame  property.  For 
whatever  part  of  thefe  tubes  I  heated  with  the  flame 
of  a  candle,  it  became  of  an  intenfely  orange,  or 
red  colour,  while  the  parts  both  above  and  below 
it,  which  were  not  heated,  remained  unchanged. 

Havmg  hctT\  much  pleafed  wid^  this  expxd* 
fion  of  all  the  coiountig  matter  from  ^  quaiitify  Qf 
%irit  of  nitre  ;  and  feeing  it  in  the  form  of  vapouf 
cQn6ned  to  the  fpace  of  four  or  five  inch^s>  in  thq 
middk  of  a  v^ry  Joi^  glais  tube,  whioh  %«$  quitQ 
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tranlparcnt  above  and  below  it,  I  made  feveral  at- 
tempts to  feparate  this  coloured  vapour  from  the 
fluid,  out  of  which  it  had  been  expelled,  by  melt- 
ing the  tube  in  the  intermediate  colourlefs  Ipace, 
and  fealing  it  hermetically.  But  thefe  attempts 
were  in  vain,  on  account  of  the  increafed  expanfive 
force  of  the  vapour  in  that  heated  ftate.  The  air 
was  expelled  from  the  acidj  which  I  was  not  then 
aware  of. 

I  imagined  that  I  might,  by  this  means,  when 
the  tube  was  quite  filled  with  red  vapour,  and  cold, 
take  it  ofF  from  the  acid,  and  preferve  it  red  and 
dry,  or  gearly  fo.  But  in  attempting  this,  I  pre- 
fendy  found  that  there  had  been  a  great  increafe 
of  elaftic  matter  within  the  tube.  For  the  moment 
I  had  a  little  foftened  a  part  of  the  tube,  in  order 
to  take  it  off  from  the  reft,  the  red  vapour  rufhed 
out  with  great  violence.  It  is  poffible,  however, 
by  this  means,  to  get  a  tube  filled  with  a  moderately 
red  vapour.  But  foon  after  I  hit  upon  a  much 
eafier  method  of  effecting  the  fame  thing. 

Though  I  could  not  feparate  the  red  vapour 
from  the  colourlefs  acid  while  it  was  boiling,  it 
was  very  eafy,  I  found,  by  boiling  the  acid  in  a 
Ihort  tube,  or  phial,  to  expel  all  the  colouring  mat- 
ter fix)m  it,  and  thus  to  get  a  quantity  of  fpirit  of 
nitre  quite  free  from  all  colour;  which  I  accord- 
ingly did^  and  then  imagined  that,  the  coloured 

vapour 
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vapour  being  wholly  expelled  from  it,  the  acid 
would  always  continue  colourlels.  And  fo,  indeed, 
ic  did  after  it  was  quite  cold  $  and  it  will  condnue 
without  return  of  colour,  and  be  but  litde  diminifh- 
ed  in  quantity,  or  impaired  in  ftrength,  fo  long  as 
it  is  kept  from  the  contaft  of  any  thiog  that  con- 
tsuns  phlogifton,  or  from  much  heat.  But,  to  my 
great  furprife^  at  that  dme,  I  found  that  eith^  of 
thoie  circumftances  would  make  this  colourlefs  acid 
relume  its  former  colour,  or  acquire  a  deeper  one 
than  it  had  before.  It  was,  however,  by  accident, 
that  I  firfl  learned  this. 

Havbg  procured  a  quantity  of  nitrous  acid  quite 
colourlefs,  I  put  a  part  of  it  into  a  phial  which 
had  a  common  cork  (a  phial  with  a  glafs  Hopper 
happening  not  to  be  at  hand)  and  not  fuipeding 
(bat  this  circumftance  would  afied:  the  colour  of 
the  acid,  which  was  a  conliderable  diftance  from 
the  cork.  I  found,  however,  after  two  days,  when 
I  took  out  the  cork,  that  the  acid  fmoked  very 
much,  and  had  completely  recovered  its  original 
yellow  colour,  fo  as  not  to  be  diflinguifhed  at  fight 
from  what  it  had  been  before  the  colouring  matter 
had  been  expelled  from  it.  I  then  took  a  part  of 
this  acid,  and  inclofing  it  in  a  glafs  tube,  which  I 
fealed  hermetically,  expofed  it  to  the  heat  as  be- 
Ibre,  when  it  became  of  an  orange  colour ;  and 
refuming  the  procefs  in  an  open  tube,  I  drove  out 

the 
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th#^  coloumng  vapour  once  QK>rG^  vd  made  die 
acid  a  fecond  tkne^traniparent. 

I  feund,  however  that  a  little  f^logiftic  matter 
ha&  2f  q^iicker  and  more  remarkable'  t&i8c  on  this 
€oIi9urleis  acid  th£»^  mere  heat  I  put  a  part  of  the 
coloupkls  acid  into  one  of  the  tubes  aboye-men- 
ijoned^  and  kept  ic  boiling  a  whole  day  l;»efor6  tht 
fire^  and  die  nigho  following  in  a  &od  h^at^  withr 
out  being  able  to  perceive  any  feniihle  change  in 
it,  though  a  fli^  rednels  was  apparent  on  the  firft 
^pEcation  of  the  heat.  But  having  put  another 
part  of  the  fame  original  quantity  of  the  colourleis 
acid  (which  from  the  preceding  experiment  will 
be  judged  to.  have  been  very  weak)  into  a  phiai 
wici^  a  conxmon  cork,  at  the  diftance  of  an  inch 
fi[om  it^  I  obferved  that  in  a  lew  hours  o(ily>  the 
upper  part  of  the  acid  was  become  yellow>  and 
the  next  morning  it  was  yellow  throughout^  exadUy 
kke  the  beft  nitrcHis  ac^  when  fr^fk  made. 

But  no  inftance  of  a  change  of  colour  in  this 
acid  by  heat  was  fo  i^ry  remarkable  as  the  fqUQW-i 
ingi  Having  put  a  finall  quantity  of  pate  cobur-* 
kfs  acid^  into  a  fhort  gkda  tuhe^  and  abnoft  bury-, 
ing  it  in  the  hot  fand,  I  £bund  the  aeft  nniraing^ 
that  the  yrhole  tube  was  qiiite  filkd  with  red  Yd-i 
pour^  and  the  acid  itfelf  wi|s  q\iite  red,  aod  pcusi 
ftftly  opaque^  a^d  to  a^)earanoe  a  littk  vifH4»  likA 
red  ink.    Nei^v  ba^are^  nor  fiacoj^  have  X  ever 

feea 


icda  nUfous  acid  b  that  ftate*  It  evsea  ittsunad 
tbfr  fame  appearance  which  was  v^i  Qramge,  bi^  a 
proper  and  a  very  deep  red.  Bdog  quite  cold,  I 
coiijid  examine  ic  at  tny  kifure.  It  wft$  the  only 
appearance  I  we9  had  of  th^kkvi 

Replacing  die  iame  tube  in  the  fimd  heat>  aid 
taluog  it  out  ibnie  time  afcer»  ^e  acid  wa&  of  a 
deep  ocaog^  whik  hot,  but  not  very  deepy  and 
father  of  a  pale  colour  when  coldj  but  there  was 
A  litde  whitiih  matter  formed  "on  d&Seient  parts  of 
the  glafs,  of  wluch  a  fiurther  account  will  be  given 
prefendy. 

I  fbon  foiind  that  the  chfe  csi^ement  of  the  va- 
pour contribitted  greatly  to  this  change  in  the  acid. 
A  quantity  of  colourlefs  acid  being  put  ictto  a  Ihort 
thick  tube  bermeticaUy  feakd^  and  placed  in  the 
^d  heat)  int  about  an  hour  had  red  fumes,  and 
in  an  hour  more  die  acid  was  orange  coktuvd. 
Whereas  a  quantity  of  the  fame  acid  confined  in 
V  kng  tube  the  iame  time,  and  in  the  fame  degree 
of  heat,  had  acquired  red  funies  only,  while  the 
acid  itfelf  remained  colourkfs. 

In  all  the  drcumftancts  in  which  much  heat 
is  given  to  fpirit  of  nitre,  it  neceffarily  acquires  a 
deeper  colour.  This  is  the  reafon  why,  in  all  my 
attempts  tso  procure  a  very  ftrong  fpirit  of  nitre^ 
by  ufing  concentrated  vitriolic  acid,  and  boiUng 
^  nitre,  in  wder  to  expel  the  water  it  contained. 

It 
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it  was  always  of  an  orange  colour.  For,  in  this 
cafe,  the  mixture  of  the  oil  of  vitriol  and  nitre 
was  attended  with  great  heat. 

I  believe  that  any  degree  of  heat,  fufficient  to 
throw  the  acid  into  the  form  of  vapour,  will  always 
give  it  more  colour  than  it  had  before.  This  I 
found  to  be  the  cafe  when  I  re-diftilled  a  quantity 
of  fpirit  of  nitre  from  fr^lh  nitre,  in  order  to  purify 
it  from  any  vitriolic  acid  that  might  remain  in 
it.  The  refult  of  this  procefs  was  an  acid  of  a 
.deeper  colour,  and  that  fmoked  more  than  it  did 
before. 

Heat  is  not  neceffary  to  make  fpirit  of  nitre 
colourlefs.  For  expofure  to  the  open  air  does  the 
fame  thing,  and  probably  with  lefs  diflipation  of 
the  acid.  During  this  expofure  to  the  open  air, 
the  nitrous  acid,  if  it  be  (trong,  increaies  confider*. 
ably  in  bulk  and  weight,  in  which  it  refembks  the 
vitriolic  acid,  though  this  is  not  in  the  fmalleft  de- 
gree volatile.  In  order  to  obfcrve  more  diftinfUy 
(he  whole  of  this  procefs,  fome  rime  in .  the  month 
of  July,  1777,  I  expofed  to  the  c^n  air,  in  a 
common  glafs  tumbler,  about  three  ounces  of  orange 
coloured  fmoking  Ipirit  of  nitre.  In  a  day  or  two 
it  was  quite  colourlefe,  but  a  fly,  or  any  fmajl  fub- 
fiance  containing  phlogiflon,  falling  into  it,  would 
colour  the  fur&ce  of  it  again  for  a  conliderable 
ame,  thoiugh  at  length  thefe  accidents  had  lefs  ef* 

fea 
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fe£t  upon  it.  This  acid  kept  inCreafing  in  bulk 
to  the  April  following^  when  the  qtiailtity  was  con- 
iiderably  more  than  doubled ;  but  from  that  time 
it  began  to  decreaie,  and  continued  fb  to  do  till 
more  than  half  that  tt  had  gained  was  gone^  after 
which  it  continued  very  much  the  fame  for  feveral 

mondis. 

The  circumftances  relating  to  the  white  matter^ 
which  I  have  obferved  was  formed  by  the  nitrous 
acid  in  glafs  tubes  hermetically  fealed,  and  expofed 
to  a  continued  heat,  I  am  not  able  to  explain* 
I  firfl  obferved  it  in  that  (bort  tube  in  which  the 
phenomena  of  the  colour  of  the  acid  were  fo  very 
remarkable,  and  indeed  fingular  \  but  afterwards  it 
never  failed  to  make  its  appearance  whenever  the 
acid  had  been  long  confined,  and  expoied  to  much 
heat,  but  the  quantity  procured  was  too  incon- 
fiderable  to  make  many  experiments  upon  it. 

It  was  on  the  25th  of  September  that  I  obferved 
this  white,  or  ycUowifh,  matter  in  the  tube  above- 
mentioned.  On  the  3cth  of  the  fame  month,  I 
obferved  that  the  colour  of  the  acid  was  rather 
lifter,  and  befide  that  whitilh  matter  at  the  bot- 
tom of  the  tube,  there  was  a  fimilar  concretion 
adhering  to  the  fides  of  the  glafs,  juft  above  the 
furfacc  of  the  acid,  the .  colour  of  which  was  partly 
yellow,  and  partly  green,  . 

Having 
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Having  gbc  mere  o[  this  ¥^ite  matter  in  otk»r 
tubes,  I  obferved  that  it  Was  eafily  icra|)ed  off*frbin 
tbe  %la(S)  -and  t^k  it  trtaiparent^  f6  that  it  kttm  to 
be  fo&iethi]%  ^dcipcfited  from  the  add,  and  not  aft 
abfuTioA  •of  the  gl^    k  was  tnot  at  M  afit Aed  hf 
diftifled  wnter,  hut  ipirit  of  iak  AiSolevtd  k  ehdpti^^ 
and  became  of  a  yellow  colour  inclining  to  omnge* 
Applying  the  fldme  of  4t  Candle  to  £hat  part  cf  the 
gla&  tube  OB  which  ibme  of  this  white  matter  htf^ 
It  was  diflblvedj  'and  <lifperied  'm  wbite^  not  red  v»« 
pours^      An  earthy  pelticlb  penobined,  not  eafify* 
aflfeibed  by  hea^  but  it  was  di^erfed  when  it  waa 
made  red  hot  with  ^  blow  pipe.      This  pellicle 
adhered  firmly  to  the  glafs^  but  in  tiftie  it  was  com- 
pletely difiblved  by  fpirit  of  fait,  which  dfTumed 
the  colour  ^scbove-itientioned. 
. .  It  15  pretiy  evidenc,  from  this  obfenratioa,  thai! 
this  matter  4id  «ot  reaUy  contsun  ^rit  of  nitre  m 
fiuh.    For  had  it  contained  the  proper  nitrous  aicid 
conobined  with  2^  earthy  matter,  as  the  calx. of 
die  lead  in  die  glafs,  the  fpirit  of  fait  could  sotj 
I  apprehend,  have  decompofed  it    In  other  refpeds 
k  had  very  much  the  appearance  of  minium  be^ 
coaae  wlme  by  imbibing  nitrous  vapour.    But  liiis 
is  fiot  at  all  afieded  by  fpirit  of  fait. 

It   was   evident,  however,   that  wherever   tiiis 
white  matter  was  formed,  the  quantity  of  the  add 

was 


was  diihimfhed,  fo  dMtit  Iboks-as  if  the  acid  it-- 
felf  \i^  deftroyed,  and  converted  into  fomediii^  of 
a  different  ifiiture. ' 


SECTION      IV. 

(in  the  Tblogiftication  of  Spirit  of  Nitre. 

IN  die  preceding  experiments,  1  found  that  the 
colotuiefs  acid  becanfie  fmoking,  br  *  orange  co- 
loured, aiid  emitted  orange  coloured  vapours,  on 
bcihg  dxpdfed  to  heat  in  long  glafs  tiAes,  heitneti- 
cafly  fealed ;  And  I  dien  ccftiduded,  that  this  effeft 
was  produced  by  the  a6tion  of  hedty  evolving,  as 
it  were,  itfie  pMogifton  previoufly  contained  in  the 
acid.  Afterwards,  having  found  that  it  was  not 
beat  J  but  light  only,  that  was  capable  of  giving  co- 
lour to  fpirit  of  nitre,  contained  in  phials  with 
ground  ftdppers,  in  the  courfe  of  feveral  days  j 
luid  that  in  this  cafe  the-efieft  was  produced  by  the 
'action  6(  light  upon  the  vapour^  which  gradually 
imparted  its  colour  to  the  liquor  on  l;Wiich  it  %iis 
iiicurnbent^  I  was  kd  to  fufpeft,  that  as  the  glafs 
^  4  tubcs^. 
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tubesj  in  which  I  had  formerly  expofed  this  acid 
to  the  adtion  of  heat,  were  only  held  near  to  a  fire, 
in  the  day-light,  or  candle-light,  it  might  have  been 
this  Ugbt^  which,  in  thefe  circumflances,  had,  at 
leaft  in  part,  contributed  to  produce  the  efTed. 

In  order  to  afcertain  whether  the  light  had  had 
any  influence  in  this  cafe,  I  now  put  the  colourlefs 
ipirit  of  nitre  into  long  glafs  tubes,  like  thofe  which 
I  had  uled  before,  and  alfo  fealed  them  hermeti- 
cally, as  I  had  done  the  others;  but,  inflcad  of 
expofing  them  to  heat  in  the  open  air,  from  which 
light  could  not  be  excluded,  I  now  fhut  them  up 
in  gun  barrels,  clofed  with  metal  fcrews,  fb  that  it 
was  impofTible  for  any  particle  of  light  to  have  ac- 
cefs  to  them  j  and  I  then  placed  one  end  of  the 
barrels  fo  near  to  a  fire  as  was  fufEcient  to  make 
the  liquor  contained  in  the  tube  to  boil,  which  I 
could  eafily  diflinguifh  by  the  found  which  it  yield- 
cd  The  confequence  was,  that  in  a  fhort  time 
the  acid  became  as  highly  coloured  as  ever  it  had 
Jbecn  when  expofed  to  heat  without  the  gun  barrel. 
It  was  evident,  therefore,  that  it  had  been  mere 
htat^  and  not  //gri/,  which  had  been  the  means  of 
giving  this  colour  to  the  acid,  and  which  has  been 
vfually  termed  phlogtftkaiing  it. 

When  I  made  the  former  experiments,  I  had  no 
fu^lcion  that  die  air  contained  in  the  tube  had  any 
concern  in  the  refult  of  them ,  and,  in  thofe  which 

I  made 
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I  made  in  the  phials  in  a  moderate  heat>  I  found 
that  the  acid  received  its  colour  when  the  beft  va-^ 
€mm  that  I  could  make  with  an  air  pump  was  over 

My  friend  Mr.  Kirwan,  however,  having  always 
fuijpe^ted,  that  the  air  was  a  principal  agent  in  the 
bufine{s»  I  at  this  time  gave  particular  attention  to 
this  circumftance  i  fuppofing  that,  if  any  part  of 
the  common  air  had  been  imbibed,  it  muft  have 
been  the  J^loffftkatedy  and  that  it  was  the  phlogifton 
from  this  kind  of  air  which  had  phlogifticated  the 
acid  The  real  refult,  however,  was  not  fo  much 
in  favour  of  this  iuppofition  as  I  bad  expefted ;  for 
the  principal  effcft  of  the  procefs  was  the  emiflion 
of  dephlogifticated  air,  fo  that  the  acid  feems  to  be- 
come what  we  call  phlogifticated,  by  parting  with 
this  ingredient  in  its  compofition. 

1  put  a  fmall  quantity  of  the  colourlefs  acid  into 
a  long  glafs  tube,  which  befides  the  acid  would  have 
contained  i.2j  ounce  meafures  of  common  air,  but 
that  the  vapour  of  the  acid  excluded  about  one 
twentieth  of  the  quantity.  Having  fealed  the  tube 
hermetically,  I  Ihut  it  up  in  a  gun  barrel,  in  the 
manner  mentioned  above,  and  expofed  it  to  a  boil- 
ing heat  for  feveral  hours,  and  then  opening  it  un- 
der water,  there  came  out  of  it  2.03  ounce  mea- 
lupcs  of  air,  very  turbid  and  white  ^  and  when  it 
was  examined,  it  appeared  to  be  of  the  fl:andard 
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of  1.02,  with  two  equal  meafures  of  nitrons  air? 
when  with  one  meafure  of  the  fame  nitrous  air  the 
ftandaidof  the  common  air  was  1.07.  The  quan- 
tity of  phlogifticated  air  abforbed  in  this  experiment 
I  afcertained  by  the  following  computation. 

As  one  meafure  of  common  air,  and  an  equal 
quantity  of  nitrous  air  were  reduced  to  i  .07  m.  it  is 
evident,  that  0.93  m.  had  difappeared ;  but  as  this 
was  efFefted  by  the  nitrous  air  uniting  with  all  the 
dephlogifticated  air  contained  in  the  common  mafe, 
and  as  they  unite  in  the  proportion  of  one  meafure 
of  dephlogifticated  air  to  two  meafures  of  nitrous 
air,  one  third  of  the  0.93  m.  viz.  0.31  m.  will 
be  the  quantity  of  dephlogifticated  air  that  was  con- 
tained in  the  one  meafure  of  common  air  on  which 
the  experiment  was  made,  the  remainder,  viz. 
0.69,  having  been  phlogifticated  air.  The  com- 
mon air  contained  in  the  tube  would  have  been  1.23 
oz.  m. ;  but  deducing  from  it  one  twentieth  in  thd 
whole,  it  will  only  be  1.17  oz.  m.  I  then  fay,  if 
one  meafure  of  this  air  contains  0.69  m.  of  phlo- 
gifticated air,  1 . 1 7  oz.  m.  will  contain  0.8073  oz. 
ni.  of  phlogifticated  air.  This,  therefore,  was  the 
quantity  of  phlogifticated  air  which  had  been  ex- 
pofcd  to  the  adion  of  the  acid  of  nitre  in  the  tube. 

In  order  to  find  how  much  of  the  fame  kind  of 
air  was  contained  in  die  tube  after  this  proceis,  I 

examined 
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examined  the  refiilt  above  mentioned  in  the  follow- 
ing manner.  Since  two  meafures  of  nitrous  air, 
and  one  of  this  refiduum,  were  reduced  to  1.02  m» 
it  is  evident,  that  1.98  m.  had  difappeared,  and 
coniequendy  one  third  of  this  quantity,  viz.  0.66  m4 
had  been  dephlogifticated  air,  and  that  the  remain- 
der of  the  meafure,  viz.  0.34,  had  been  the  pro- 
portion of  phlogifticated  air  in  one  meafure  of  this 
refiduum.  If  then  one  meafure  of  this  refiduum 
contains  0.34  m.  of  phlogifticated  air,  2.03  oz.  m* 
will  contain  0.6902  oz.  m.  which  is  le(s  than 
0.8073  oz.  m.  the  quantity  contained  in  it  before 
the  procefs  :  fo  that  a  part  of  the  phlogifticated  air 
had  been  either  abforbed  or  decompofed,  its  phlo- 
gifton  having  been  imbibed  by  the  acid  at  the  fame 
time  that  it  had  emitted  the  dephlogifticated  air. 

In  another  procels  of  the  fame  kind,  the  glafs  tube 
contained  0.92  oz.  m.  of  common  air,  and  the  air 
that  came  out  of  it  after  the  procels  was  one  ounce 
meafiire,  of  the  ftandard  of  1.6,  with  two  meafures 
c^nitrous  air ;  and  computing  as  I  did  before,  the 
phlo^fticated  air  in  the  tube  before  the  procels  was 
0.6072  oz.  m.  and  after  the  procels  0.54  oz.  m. 

In  thele  computations  it  is  luppoled,  that  the  air 
emitted  by  the  acid  was  perfeftly  pure,  fo  that  all 
the  phlogilticated  air  that  is  found  after  the  procels 
is  liippofed  to  have  been  contained  in  the  common 
air  confined  in  the  tube  before  it  was  commenced. 

D  2  But 
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But  I  found,  that  the  air  emitted  by  the  acid  is  by- 
no  means  perfeftly  pure,  fo  that  much  of  the  im- 
purity miift  be  afcribed  to  this  circumftancc* 

In  order  to  exclude  ali  air  from  the  contaBi  of 
the  acid,  I  made  a  quan^ty  of  it  to  boil  in  die  tube^ 
and  when  die  vapour  had  expelled  alt  the  air,  i 
fealed  k  hernnetically>  in  the  manner  kt  which  wa^ 
ter  hammers  are  made ;  and  then  expofiiag  it  to^ 
hieat,  found  that  k  acquired  ss  high,  a  colour  as. 
when  air  had  been  confined  along  with  ii; ;  fj  that  it 
is  evident,  dut  mr  k  act  oecelEi^  to  this  efFdd* 
When  the  tube  was  opened  under  water,  a  quantit]^ 
of  dephlogifticated    sur  ruihed    out,   exceedii^ly 
white  as  before ;.  but  whea>  i  examined  it,.  I  fi>uad 
it  to  be  of  the  ftandardof  only  0^6^    When*  thi% 
impurity  is  coniidered,  it  will  appear,  that  wJieiv 
much  air  is  yielded  in  this  procef%  ipme  phlogif- 
ticated  air  may  have  been  imbibed^  though,  com>^ 
putingin  the  manner  above  mentioned,  the  phlo- 
gifticated  air  afiser  the  procefs  fhould  be  in  greater 
quantity  than  was  contained  in  the  tube  befbce  it>  as/ 
was  the  caie  iathe  foUowii^  experiment. 

In  a  glafs  tube  which,  befides  the  acid,  centainec^ 
1 .  1 3  oz»  m.  of  conaflROft  air>  I  expofed  cc^ourkfs 
fpii  it  of  nitre  to  beat  till  it  became  of  a  deep  orange 
colour;  and  when  it  was  opened  under  water,  there 
came  out  of  it  2.83  oz.  m.  of  air  exceedingly  turbid> 
of  the  flandard  of  0.66,  with  two  equal  quantities  of 

5  nitrous 
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fliti-dos  air,  when  that  of  the  common  air>  with 
one  eqaal  ^quantity  of  nitrous  air,  was  1.07.  Com* 
putiiig  in  the  manner  above  mentioned,  there  was 
in  the  tube  before  the  procefe  0.7477  oz.  m.  of 
pUogiftiaited  air,  and  after  the  procefs  0.8792  oz« 
m.  But  the  dephlogifticated  air^  amounting  to  1.7 
ez.  m.  being  of  the  ilandard  of  0.66,  will  be  found 
to  contain  0,374  oz.  m,  of  phlc^ifticated  air,  which 
being  deducted  from  0.8792,  there  will  remain 
oidjr  0.5052  oz.  ts\.  whkrh  is  cbnfiderably  lefs  than 
C.7477  oz.  vtu 

That  the  nitrous  acid  can  beconrK  c(Joured,  with- 
out imbibing  any  diing  from  phlogifticated  air,  is 
^ident  not  only  from  its  becoming  fo  when  heated 
in  vacuoj  as  defcnbed  above,  but  alfo,  when  it  wa/s 
in  contact  with  any  other  kind  of  air,  as  free  from 
phlo^fticated  air  as  I  could  make  it  But  from  the 
manner  in  which  thefe  experinients  were  neceffarily 
made,  it  was  impoffible  intirely  to  exclude  phlo- 
gifticated  air,  either  as  part  c^the  atmofpheric  air, 
or  as  contained  in  the  impuries  of  the  air  that  I  made 
ufe  of;  fori  firft  filled  the  tube  with  fpirit  of  nitre, 
then  plunging  the  ortfke  of  it  in  a  veffel  of  ihe  fame, 
I  mtroduced  a  quantity  of  the  air  which  I  wiflied  to 
expofe  to  ic  After  this,  putting  my  finger  upon 
the  orifice,  I  turned  it  upfide  down,  and  applying 
to  it  the  cloied  end  of  a  glafs  tube,  of  about  the 
fame  diameter,  I  fealed  it  hermetically  with  a  blow- 
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pipe  as  cxpcditioufly  as  I  could.  This  is  a  necefiaty 
imperfeftion  in  the  experiment ;  but  I  know  noc 
how  to  remedy  it,  if  any  of  the  acid  is  to  be  left  in 
the  tube.  However,  the  phlogifticated  air  intro- 
duced in  this  manner  from  the  atmofphere,  muft 
have  borne  a  very  fmall  proportion  to  the  air  in  the 
tube  y  and  fonie  objection  will  always  remain  to  the 
experiment  from  the  impurity  of  the  dephlo^fticated 
air  made  uie  of. 

Having  repeatedly  obferved  that  the  acid  be- 
came coloured  in  confequence  of  being  expoied  to- 
heat  in  contaft  with  any  kind  of  air  whatever,  I 
expofed  at  the  fame  time,  and  in  the  fame  circum- 
ftanccs,  three  equal  quantities  of  the  fame  colourlefs 
Ipirit  of  nitre,  in  three  nearly  equal  tubes,  one  con- 
taining dephlogifticated,  another  phlogifticated,  and 
a  third . inflammable  air  ;  that,  if  there  ihould  be 
any  difference  in  the  colouring  of  the  acid  in  thefe 
cafes,  it  might  be  the  more  eafily  perceived.  But 
though  I  gave  all  the  attention  that  I  could,  I  did 
pot  perceive  that  there  was  any  difference,  except 
what  arofe  from  fome  of  the  tubes  being  placed  a 
litde  nearer  the  fire  than  the  reft  5  and,  by  chang- 
ing their  places,  the  colour  was  at  length  the  very 
fame  in  them  all. 

As  in  thefe  three  cafes  I  examined  the  air  before 
and  after  the  procefs,  in  the  manner  above  mention- 
ed, I  (hall  juft  recite  the  particulars. 

Of 
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Of  the  dephlogifticated  air  the  tube  contained  be- 
fore the  procels  1.46  oz.  m.  of  the  ftandard  of  0.67, 
and  after  the  procefs  it  contained  1.76  oz.  m.  of 
the  ftandard  of  0,77  j  a  difference  owing  in  part  to 
the  mixture  of  comnion  air,  which  could  not  be  ex- 
cluded in  the  fealing  of  the  tube,  and  in  part  to  the 
air  emitted  from  the  acid  not  being  pure. 

Of  the  phlc^fticated  air,  the  tube  contained  1.3 
oz.  m.  and  after,  the  procefs  1.95  oz.  m.  of  the  ftan- 
dard  of  1.38. 

Of  the  inflammable  air,  the  tube  contained  be- 
fore the  proccfe  1.52  oz,  m,  and  after  the  procefs 
1.9  oz.  m.  of  the  iiandard  of  1.3.  They  were  all 
meafurcdby  a  mixture  of  two  equal  quantities  of  ni* 
trous  air. 

If  thefe  refults  be  examined  as  that  of  the  firfl 
experiment,  with  common  air,  it  will  be  found  that, 
in  all  thefe  proceffes,  there  was  lefs  phlogifticated 
air,  or  inflammable  air,  after  the  procefs  than  be- 
fore ;  and  this  refult  being  thus  uniform,  I  cannot 
help  concluding,  that  this  kind  of  air  is  in  part  de- 
compofed,  and  purified  by  this  means ;  fo  that  by 
this  emiflion  of  dephlogifticated  air  which  the  heat 
expels  frpm  the  acid,  fomething,  and  probably 
phlogifton,  is  at  the  fame  time  imbibed  from  it  5 
which  proves  that  phlogifticated  air  is  no  fimple  fub- 
ftance,  but  a  compound,  and  that  phlogifton  is 
one  conftituent  part  of  it  \  for  this  acid  acquires  the 
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fame  colour,  and  all  the  fame  properties,  by  adding 
to  it  any  thing  that  is  fuppofed  to  contain  phlo* 
gifton. 

As  the  (pirit  of  nitre  can  be  rendered  fmoking,  or 
phlogifticated,  by  the  mere  expulfion  of  dephlo- 
gifdcated  air,  it  is  evident,  that  it  contains  two  prin« 
ciples  in  clofe  affinity  with  each  other,  and  that  no-i^, 
thing  is  neceflary  to  render  either  of  them  confpicu- 
ous  befides  the  abfence  of  the  other. 

It  is  alfo  natural  to  fuppoie,  that,  for  the  fame 
reafon  that  the  dephlogifiicaiing  principle  (as  it  may 
be  called)  is  expelled,  tlie  pblogifticating  principle 
fhould  enter;  fo  that  the  puriBcadon  of  the  air  ia 
contact  with  the  acid  may  be  a  neceflary  confoquence 
of  the  expulfion  of  the  pure  air  contained  in  it,  the 
whole  tending,  as  it  were,  to  an  equilibrium  in  this 
relpeft.  It  is  therefore  by  no  means. difficult  to 
conceive,  that  phlogifton  fhould  be  extra&ed  from 
the  contiguous  aii;  at  the  fame  time  that  the  dephlo-* 
giiticated  air  not  pure  (that  is,  containing  ^  mixture 
of  phlogifticated  air)  is  driven  out  of  it  5  for  the 
acid  always  containing  phlogiflon,  whatever  air  is 
contained  in  it,  and  expcUed  from  it,  may  neceflarily 
contain  phlogifton  or  phlogifticated  air ;  but  the 
purer  air  may  be  emitted,  and  the  lefs  pure  air  be 
imbibed,  till  the  whole  come  to  be  of  the  fame  qua- 
lity. It  may,  however,  perhaps  follow  from  the 
cmiffion  of  impure  dephlogiftjcatcd  air,  and  the  im- 
bibing 
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bibingofphlogifticated  air  at  the  iame  time,  that 
the  former  does  not  confift  of  dephlogiflicated  and 
phl(^iftica£ed  air  loofeiy  mixed,  but  of  fome  inti- 
mate union  of  dephlogiflicated  air  widi  phlc^fton, 
though  they  may  be  feparated  by  a  mixture  of  ni* 
trous  air,  and  other  procefles,  in  the  veiy  fame 
manner  as  dephlc^iilicated  air  may  be  feparated 
£x>m  a  looie  mixture  of  phlogifticated  air. 

It  is  evident  from  thefe  experiments,  that  a  red 
heat  is  not  necefiary  to  die  converfion  of  nitrous  acid 
into  pure  air,  though  this  procefs,  as  appeared  by 
my  former  experiments,  produces  this  eflfeA  mod 
quickly  and  efiedually. 

I  cannot  help  confidering  the  experiments  above 
recited  to  be  favourable  to  the  doftrine  of  phlo- 
gifton,  and  unfavourable  to  that  of  the  decompofidon 
of  water,  though  not  decifively  io.  For  lince  the 
red  vapour  of  fpirit  of  nitre  unqueftionably  contains 
the  fame  principle  that  has  been  termed  plilogifton, 
or  the  principal  element  in  the  conflitution  of  inBam^ 
mable  air,  and  according  to  the  antiphlogiftians, 
this  is  one  conflituent  part  of  water,  they  muft  lup- 
pole,  that  the  water  in  this  acid  is  decompofed  by 
a  much  more  moderate  heat  than  in  moft  other 
cafes.  In  general,  I  believe,  they  have  thought  a 
red  heat  to  be  neceflary  for  this  purpofe.  It  is  evi- 
dent, that  the  converfion  of  water  into  fteam  by 

boiling, 
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boiMng,  or  by  any  heat  that  can  be  given  to  it  im* 
dcr  the  ftrongcft  preffure,  has  no  tendency  what- 
ever to  decompofc  it.  But  if  the  mere  boiling  of 
water  in  nitrous  acid  could  produce  this  efFeft,  I 
do  not  fee  why  the  fame  fliould  not  be  the  cafe 
when  water  alone  is  boiled. 

I  think  it  will  alfo  be  more  difficult  to  explain  the 
purification  of  the  incumbent  atmofpherical  air  on 
the  antiphlogiftic  than  on  the  phlogiftic  hypothe- 
cs, whatever  be  the  conllitution  of  phlogifticated 
ain 

As,  in  the  experiments  above  mentioned,  beat 
without  light  gives  colour  to  the  nitrous  acid,  and 
the  refleftion  or  refraftion  of  light  is  always  attended 
with  heat,  it  may  perhaps  be  heat  univerfally  that  is 
the  means  of  imparting  this  colour,  thoygh  the 
mode  of  its  operation  be  at  prefent  unknown.  And 
in  thefe  experiments,  as  well  as  the  former,  it  is 
the  vapour  that  firft  receives  the  colour,  and  im- 
parts it  to  the  liquid  when  it  is  fufficiendy  cold  to 
receive  it. 

The  rulhing  out  of  a  quantity  of  turbid  white 
air  from  a  tranfparent  tube,  quite  cold,  is  a  flriking 
phaenomenon  in  thefe  experiments.  It  may  be 
worth  while  to  examine  of  what  it  is  that  this  re- 
markable cloudinefs  of  the  air  confifts.  There  is 
the  fame  appearance,  as  I  have  more  than  once 

obferved. 
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oblerved^  m  the  rapid  produftion  of  any  kind  of 
aio  which  is  per&£Uy  tranfparent  as  it  palles  along 
the  glais  tube  through  which  it  is  tranfmitted,  till 
it  comes  into  contaft  with  the  water  in  which  it  is 
received. 

N.  B.  The  mixture  of  nitrous  air  with  common 
air^  mentioned  in  this  fedlon^  was  made  with  ag^* 
ration. 


SECTION     V. 

« 

Of  the  Compojition  of  Spirit  of  Nitre  from  depblogifli^ 

cated  and  inflammable  .Air. 

THAT  water  confifts  of  two  kinds  of  air,  de- 
phlogifticatcd  and  inflammable,  is  now,  I  be- 
lieve, generally  admitted  as  one  of  the  moft  impor- 
tant, and  beft  afcertained,  doftrines  in  chemiftry. 
My  own  experiments  having  feemed  to  favour  it,  I 
made  no  difficulty  of  receiving  it  myfelf 3  but  having, 
at  the  time  of  the  publication  of  the  laft  of  the  fix  vo- 
lumes of  my  experiments,  found  that,  in  decompofing 
the  two  kinds  of  air  above  mentioned  by  the  eleftric 
fpark,  I  got  much  lefs  water  than  I  expefted,  and,  in- 
fl:ead  of  it,  a  dark  coloured  vapour,  not  eafily  condenfed, 

I  could 
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I  could  not  hdp  concluding  riiat  foitiething  ytt  re* 
mained  to  be  inveftigated  wirfi  relpe6t  td  this  fub* 
jeft,  and  dctemiined,  at  a  proper  opportunity,  to 
Itfiinlc  my  inquiries  into  it. 

At  that  time,  however,  I  had  no  (ufpicion  of 
any  acid  being  produced  in  the  procefi ;  having  ne- 
ver been  able  to  find  any  in  the  water  which  I  had 
hitherto  procured  in  pretty  large  quantities  from  the 
decompofidon  of  thofe  two  kinds  of  air,  though  the 
dodrine  of  dephlogifticated  air  being,  or  containing, 
the  principle  oS  amverftl  midUy^  4utd  been  advanced 
by  M.  Lavoifier,  and  admitted  by  myfelf  and 
others. 

Sufpe6ting  that  much  of  the  water  which  had  been 
procured  in  the  above  mentioned  procefs  was  no 
proper  conftituent  part  of  the  air,  but  only  fiich  as 
had  been  diffuied  through  it,  and  in  fome  manner 
attached  to  k,  and  kept  fuipended  in  it,  and  there^ 
fore  might  be  fcparated  from  it,  without  decom- 
poling  the  air ;  on  refuming  thefe  experiments,  I 
ufcd  every  precaution  I  could  think  of  to  detach  all 
water  from  the  air  on  which  I  operated.  In  order 
to  this,  I  kept  it  confined  by  mercury,  together 
with  a  quantity  o(  fixed  ammoniac,  which  imbibes 
water  more  readily,  if  not  in  greater  quantity,  than 
quick  lime,  or  any  other  known  fubftance. 

In  this  more  accuiate  method  of  making  the  ex- 
periment, 1  was  gradually  led  to  difcover  the  acid, 

which 
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-which  had  dcaped  my  obfenration  before.  But  I 
am  n^  certain  that  I  Ihoukt  have  feund  it  even  now; 
if  I  Ivid  not  been  aided  by  the  fagacity  of  Mr.  Keir^ 
who  was  sJways  of  opinion,  that  fome  acid  mujt  be 
the  produce  of  this  experiment^  or  rather  that  the 
pro^KO  would  be  Ibmething  which  would  become 
acid  by  expofure  to  the  open  air. 

i  be^m  vkh  niakifig  the  explofions  in  the  fame 
gbfs  vefiel  from  which  die  mixture  of  air  had  dif- 
pkccd  the  mercury  with  which  it  had  been  filled ; 
when  I  fouiidy  as  \  have  obferved  in  my  lafl  pubh* 
cation,,  the  whok  of  the  vefiel  was  filled  with  a  denfe 
fbooke,  which  fettled  into  a  black  coating  of  all  the 
infide  of  the  vefibl,  and  which  appeared,  as  before, 
to  be  mercury ;  becoming  white  by  expofure  to  the 
aiK.    For  foaie  time  I  perceived  no  appearance  of 
'maux  %  but  jdacii^  the  vefiel  at  a  proper  diflance 
from  a  fire,  I  fi>und  about  a  quarter  of  a  grain  col- 
leffaed  oa  the  oppofxte  fide;  when,  as- the  veflet 
contained  four  ounce  meafuresof  air,  the  water  pro-- 
doced  ought  to  have  been  at  leafla  grain. 
.  The  naercury  being  an  impediment  in  this  pro* 
€e&,  I  afterwards  confined  the  mixture  of  air  in  one 
t^fiel  (with  mercury  and  fixed  ammoniac  as  before) 
I^t  I  made  the  explofions  in  another,  which  I  had 
previoufly  exhaufted  of  air.     This  vefTel  was  larger 
than  that  which  I  had  ufed  before,  containing  fome^ 
thing  more  than  eight  ounce  meafures  ;  fo  that  die 

air 
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air  it  contained,  being  one  third  dephlogiftitatcd  and 
two  thirds  inflannmable,  would  have  weighed  about 
two  grains.  After  one  explofion  the  quantity  of 
water  collefted  appearing  inconfiderable,  I  repeated 
the  procefs  in  the  fame  veflcl,  and  then  coUefting 
the  water,  I  found  ^t  not  to  exceed  a  grain  and  a 
half. 

I  repeated  this  experiment  very  often,  and  con- 
ftandy  found  fome  water,  but  it  always  fell  far  fhort 
of  the  weight  of  the  air  decompofed.  There  mufl, 
therefore,  have  been  fomething  not  very  fluid  ad- 
hering to  the  fides  of  the  veflel,  which  could  not 
be  diflodged  by  a  moderate  heat^  and  indeed  the 
gjlais  did  not  recover  the  perfe6t  cleamels  that  it  had 
before  the  procefs, 

I  always  obferved,  that,  prefcndy  after  every  ex- 
plofion, the  velTel  was  filled  with  a  denfe  vapour,  fo 
that  it  was  fomctimes  impoffible  to  fee  through  it ; 
and  before  I  admitted  the  external  air,  1  could  pour 
it  from  one  end  of  the  velTel  to  the  other,  and  it 
feemed  to  fall  aknoft  as  fait  as  a  feather  in  a  com- 
mon vacuum,  and  in  general  it  did  not  difappear  in 
kfs  than  ten  minutes.  I  even  found  this  denle  va- 
pour when  the  mixture  of  air  had  been  confined  by 
water.  The  fmell  of  the  vefTel,  after  the  procefs, 
was  that  of  the  moil  offenfivc  kind  of  inflammable 
air  from  iron. 

From 
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From  thefe  experiments  it  was  fufficiently  evi- 
dent, that  fomething  more  than  water  had  been 
produced ;  and  pouring  into  the  veflel  a  quantity  of 
die  juice  of  litmus,  it  was  inftandy  turned  to  a  deep 
red  ;  fo  that  it  was  equally  evident,  that  an  acid 
had  been  formed.  In  all  the  preceding  experiments 
die  dephlc^^ifticated  air  had  been  procured  from 
manganefe  ;  and  in  all  the  experiments  mentioned 
in  this  ie£)ion,  the  inflammable  air  was  from  iron  by 
water  only. 

A  great  number  of  ftrong  glafs  velTels  having  been 
broken  in  thefe  experiments,  and  fometimes  widi 
ibme  hazard  to  myfelf^  and  the  quantity  of  air  that 
I  was  able  to  decompofe  in  them  being  fmall,  I  next 
procured  a  copper  veflel,  which  contained  about  thir- 
ty fix  ounce  meafures  of  air ;  and  having  now  no 
other  objed  than  difcovering  the  Hnd  of  acid  that  I 
had  procured,  I  made  repeated  experiments  in  it ; 
and  after  every  ten  or  twelve  explofions  collefted 
all  the  liquid  matter  I  could  find ;  which,  as  the 
air  had  been  previoufly  confined  by  water,  was 
pretty  confiderable,  about  equal  to  the  weight  of  the 
air. 

The  liquor  that  I  procured  in  this  manner  was 
always  of  a  deep  blue  or  green,  being  evidently  a 
fblutiQn  of  copper.  But  it  alfo  contained  a  redun- 
dant acid,  as  appeared  by  its  turning  the  juice  of 
litmus  red.     Befides  this  blue  liquor,   there  was 

,   always 
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always  a  quantity  of  fecmingly  abraded  copper ;  for 
it  was  pcrfeftly  and  quickly  diflblved  by  volatile 
alkali,  as  copper  very  nunutely  divided  would  have 
been. 

In  thefe  experiments  I  ufed^  at  diffiaent  doics, 
dcphlogifticated  air  from  manganefe,  firom  red  preci- 
pitate, and  from  red  lead,  as  the  moft  unexcepdooable 
of  all ;  and  as  it  was  obligii^l^  furnUhcd  me  by  Mr- 
Kcir,  the  preparation  of  it  may  be  depended  upon« 
There  did  not,  however,  appear  to  be  any  other 
difference  in  the  liquors  produced  by  means  <^tbefe 
kinds  of  dcphlogifticated  air,  except  in  the  (hade  of 
the  colour ;  that  from  manganefe  being  of  the  derp^ 
eft  blue,  and  that  from  red  lead  the  lighteft  i  and 
this  difference  might  be  accidental. 

By  the  affiftance  of  Mr.  Keir  I  examiiicd  thefe 
fbhitions  of  copper,  and  prefcndy  found,  by  mean^ 
of  a  folution  of  terra  ponderofa  in  fpirit  of  ialt,  that 
it  was  not,  in  any  of  the  cafes,  the  vitriolic ;  and  yct^ 
as  the  dry  fubftance  left  by  the  evapofation  of  the 
liquor  did  not  dcliquefce,  I  had  concluded,  that  the 
acid  was  neither  the  nitrous,  nor  the  marine ;  but 
Mr.  Keir  informs  me,  that  this  is  the  cafe  with 
a  fully  faturated  folution  of  copper  in  fpirit  of  nitre. 

Alfo  Dr.  Withering,  who,  was  io  obliging  as  to 
examine  fome  of  thefe  liquors  for  me  (for,  not. being 
much  accuftomed  to  thefe  analyfes,  I  had  requefted 
him  to  undertake  it)  had  procured  firom  that  in  the 

production 
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|)rodu£ti(m  of  which  the  red  lead  had  been  ufed,* 
ciyflals  of  nitre^  and  other  itidiiputable  indications 
ofnitrousacids  io  that  I  was  iatisfieddiat  it  wa< 
this  acid  that  was  produced  in  all  the  cafes. 

I  had  a  &rther  proof  of  the  acid  being  the  ni- 
trous^  that  having  (in  order  to  get  a  quantity  of 
liquor  that  Ihouid  be  sis  litde  fattirated  with  any 
metal  as  pofllble)  iifed  a  vefl^l  of  timed  iron,  1 
founds  that  after  fome  time^  when  die  tin  had  beeii 
mudi  corroded  (and  with  every  procefi  a  conftder- 
able  qifaridtjr  came  away)  the  liquor^  which  at  firil 
was  colourlels,  was  tinged  with  red.  In  thele  ex- 
periments I  made  uie  of  dephlogifticated  air  front 
redkad 

As  both  the  kincis  of  air  made  ttfe  of  ^n  thefe 
experiments  were  exceedin^y  pure^  it  feeiris  evi- 
dent>  that  phlogifticated  air  does  not  contain  all 
tht  elements  of  nitrous  acid  j  bdt  only  iupplies  a 
iafe  for  it,  the  dephlogifticated  air  (which  was  ufed 
in  a  greater  proportion  in  the  valtrable  experiment 
of  Mr.  Cavendifh)  fupplying  the  acidifying  prin- 
ciplej  as  I  had  conjeftured.  Befides,  though  all 
phlogifticated  air  could  not  be  c^tcluded  in  thofe 
experiments  in  which  the  air  pump  was  ufed,  this 
obje(ftion  cannot  well  be  made  to  thofe  in  which 
that  inftrument  was  not  ufed;  and  in  them  the 
flowly  condenfable  vapour  above-mentioned  feems 
to  be  an  evident  fymptom  that*  the  produce  was 

Vol.  III.  E  ngt 
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not  mere  water.  But  it  is  a  fatiafeftory  anlwcr  to 
this  objedtioH,  from  the  prcfence  erf!  pbkgiJUcaie^ 
sir  in  the  tube,  that  this  kind  of  air  is  not  decom-. 
pofed,  or  at  all  affe<aed/  by  this  procefs>  as  will  be 
found  by  mixing  any  quantity  of  it  with  the  t;wo 
other  kinds  of  air. 

That  a  confiderable  quantity  of  water  enters  into 
the  connpofition  of  dephlogifticated  air,  will  npt  be 
thought  improbable,  when  it  is  confidered  that^ 
in  my  former  experiments,  this  appeared  to  be  the 
cafe  with  rcfpcdt  to  inflammahk  air.  For  widvoci£ 
water  this  air  cannot  be  procured.  I  can  alio  tiQW 
fay,  that  the  fame  is  the  cafe  with  r^fpe6t  x.ofixf4 
air.  It  is  not  therefore  improbable,  that  the  fapie 
may  be  true  of  every  other  kind  of  air,  fincc  water 
is  ufed  in  the  produ6tion  of  thenci  all.  •  j 

When  I  wrote  the  preceding,  I  had  found  tha|; 
the  decompofitipn  of  dephlogifticated  and  inflam- 
mabk  air,  by  means  of  tie  elcftric  fpark,  producc4 
an  acid  liquor^  which  Dr.  Withering  found  to  be 
die  nitrous^  though  I  fliould  have  obferved,  dm 
he  expreffed  fome  doubt  whether  the  liquor  did 
not  aUb  contain  fome  other  acid  befides  the  ni- 

trous. 

I  have  fince  that  time  been  defu-ous  to  afcertain 
the  quantity  of  acid  producible  from  a  given  quan- 
tity of  air ;  and  with  this  view  I  gave  Mr.  Kcir 
as  much  of  die  liquor  as  I  had  coUcfted  from  the 

decom- 
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decomfloiltton  of  about  five  hundred  ounce  hiea- 
jures  of  depMogifticated  air^  and  the  ufuaL  propor-* 
cioa  of  inflammable  air  mixed  with  ic    The  liquor, 
he  informed  me,  was  442  grains^  of  the  fpecific 
gravity  of  1022  (that  of  water  being  1000)  %uid 
that  it  contamed  as  much  acid  as  was  equivalent 
to   12.54  grains  of  concentrated  acid  of  vitriol  1 
which  quantity  of  vitriolic  acid  is  capable  of  fa*  * 
turadng  as  much  vegetable  fixed  alkali  as  is  con« 
tained  in  twenty  two  grains  and  a  half  of  dry  mtre, 
or  about  twenty  three  grains  and  a  quarter  of  nitre 
cryftalfized  in  mean  temperature.     Ifhe  ilediment 
of  the  lame  liquor  he  alfo  fuppofed  to  contain,  at 
leafty  as  much  acid  as  the  liquor  itielf^ 

That  this  lediment  contain^  much  acid,  feems 
mdent  from  this  circumffcance,  that,  wheii  it  is  firft 
formed,  it  oftei\  emits  fmall  bubbles,  which  rift 
to  die  furface  of  the  liquor,  and  condnue  to  do  fo 
a  confiderable  time.  This  was^  more  particularly 
the  cafe  with  die  fediment  which  I  had  from  the 
tinned  iron  tubes.  Thefe  fmall  bubbles,  I  imagine, 
confift  of  nitrous  air  (formed  from  the  fuperabun- 
dant  acid  vapour  adhering  to  the  metal  and  the 
water  in  the  liquor)  becaufe  when  a  phial,  half 
filled  with  this  liquor,  had  ftood  about  a  week,  the 
air  on  the  (urface  of  it  inftantly,  and  repeatedly, 
extinginfhed  a  piece  of  lighted  wood  that  was  dip- 
.  ped  into  it« 

E  2  From 
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'  From  the  preceding  idAr,  given  me  by  Mr. 
Kctr  (am}  makbg  aUbwance  for  the  indefinite 
quantity  of  water  contained  in  the  concentrated  acid 
of  vitriol)  I  am  inclined  to  diink,  diat  not  much 
more  than  one  twentieth  part  of  dephlogifticated 
air  is  die  acidifying  principle,  and  that  nineteen 
parts  iare  .water. 

ThiS}  I  woulA  however  oUerve,  relates  to  air 
foXkp  &turated  widi  water,  in  con&quence  of  its 
haViflg  been  kept  in  jars  (landing  in  water,  fo  that 
I  think  it  poflible  that  the  water  in  the  drieft  de« 
phl^gKticatg^  air  may  not  amount  to  more  thao 
nine  tenths  pf  its  weight.  But  I  have  not  afcCF- 
tained,  by  any  experiment,  how  much  water  any  of 
the  kinds  of  air  are  capable  pf  holding  in  adifiufed 
ftate,  without  being  any  necellary  part  of  their 
conftitutian*. 

0 

,  Though  Mr.  Keir  found  the  greateft  patt  of  the 
acid  in  the  liquor  with  which  I  fiirnilhed  him  to 

r 

*  Refiedmg  farther  on  the  fubjeA,  and  efpcdally  on  the  quan* 
tity  of  phlogiiticated  acid  v^^our  that  efcapes  in  all  thefe  proccflcf  , 
I  think  there  is  reafon  to  conclude!  that  there  is  much  more  of  the 
acidifying  prindpky  and  lefs  of  water,  in  the  compoiition  of  de- 
phlogifticated air  than  19  here  fuppofed.  By  making  the  tfperi- 
ment  with  more  care,  and  efpecially  allowing  the  tube  more  time 
to  cool  after  each  explolion  }ii  it,  I  have  adually  found  more  acid 
than  I  had  when  this  article  was  firft  written.    Still,  however,J| 

« 

Ihould  imagine,  that  without  iifing  particular  care  to  dry  the  air* 
the  acid  may  be  only  one  tenth  of  the  weight* 

be 
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be  the  nUroifs,  there  were  evident  figns  of  its  con- 
taining a  finall  portion  of  marine  acid>  by  its  making 
a  precipitation  with  a  folution  of  filver  in  nitrous 
acid.  But  this  mixture  of  marine  acid^  he  ob- 
lerves,  is  conftantly  found  to  accompany  the  pro- 
duction of  nitre  in  the  operations  of  nature.  Whe- 
ther the  difierent  l^bftapces  from  which  the  de- 
phlo^flicated  air  was  extra&ed  made  any  differ* 
ence  in  this  caie^  I  cannot  tell  i  but  that  which  I 
gave  Dr.  Withering  was  from  minium,  and  diat 
which  Mr.  Keir  examined  was  from  manganeie. 
-  In  the  notes  whiph  I  took  of  the  firfl:  produc- 
tion  of  this  liquor  I  termed  itNue,  and  Dr.  Wither* 
ing  alio  calls  it  blue,  and  once  a  greemjb  Hue; 
but  that  which  I  gave  Mn  Keir,  and  all  that  I 
have  got  fince,  is  a  decided  and  deep  green,  which 
Mr.  Keir  thinks  to  be  owing  to  the  phlogiftica- 
tioQ  of  the  nitrous  acid. 
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SECTION      VI. 

« 

OljtSions  to  the  precedmg  E^tperiments  ccfjfidereJ. 

HA V I N  G  never  failed,  when  the  experiments 
were  conducted  with  due  attention,  to  pro* 
cure  Ibme  acid  whenever  I  decompofed  dephlqgifti- 
caDpd  and  inflammable  air  in  clofe  veflels^  I  con* 
eluded  that  an  acid  was  the  necefiary  refult  of  the 
union  of  thofe  two  kinds  of  air,  aiid  not  water 
only ;  which  is  an  hypothelis  that  has  b^en  main-* 
tdned  by  Mr.  Lavoifier  add  others,  and  which  has 
been  made  the  bafis  of  an  indrdy  new  fyftem  of 
chcmiftry,  to  which  a  new  fyftem  of  terms  and 
charaders  has  been  adapted.  The  fa£ls  that  I  al- 
leged, were  not  difputed;  but  to  my  conclufion  it 
was  objedbed,  that  the  acid  I  procured  might  come 
from  the  phlogifticated  air,  which  in  one  of  my 
procefies  could  not  be  excluded ;  and  that  it  was 
reafonable  to  conclude  that  this  was  the  cafe,  be- 
caufe  Mr.  Cavendilh  had  procured  the  fame  acid, 
viz.  the  nitrous,  by  decompofing  dephlogiilicated 
and  phlogifticated  air  with  the  ele£tric  ipark.  In 
other  cafes  it  has  been  laid,  that  the  fixed  mr  I  pro- 
cured 
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cured  came  from  the  plumhgo  in  the  iron  from 
which  my  inflammable  air  had  been  extrafted. 

With  refpc6b  to  the  former  of  thefe  objeftions  I 
would  obferve,  that  my  procefs  is  very  different 
from  that  of  Mr.  Cavendilh;  his  decompofition 
being  a  very  flow  one  by  elcftricity,  and  mine  a 
very  rapid  one  by  Jimple  ignttimy  2l  procefs  by 
which  phlc^fticated  air,  as  I  found  "by  aftual  trial, 
was  not  at  all  affei^ted;  the  dephlogifticated  and 
inflammable  airs  unidng,  and  leaving  the  phlogif. 
ticated  air  (as  they  probably  would  any  other  kind 
of  air  with  which  they*  might  have  been  mbced) 
juft  as  it  was. 

I  would  alfo  obferve,  that  there  is  no  contra- 
difbion  whatever  between  Mr.  Cavendifh's  experi- 
ment and  mine,  fince  phlogifticated  air  may  con- 
tain phlogiftoti,  and  by  means  of  eleftricity  this 
principle  may  be  evolved,  and  unite  with  the  de- 
phlogifticated air  (or  with  the  acid  principle  con- 
tained in  it)  as  iii  the  procefs  of  fimple  ignition 
the  lame  principle  is  evolved  from  inflammable 
air,  in  order  to  form  the  lame  union;  in  confe- 
quence  of  which,  the  water,  which  was  a  neeeflary 
ingredient  in  the  ccmipofition  of  both  the  kinds  of 
air,  is  precipitated.     That  in  other  circumflanccs 
than  thofe  in  which  I  made  the  experiments,  the 
acid  wholly  efcaped,  and  nothing  but  water  was 
found,  may  be  cafily  accounted  for,  from  the  fmall 

E  4  quantity 
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quantity  of  die  acid  principle  in  proportipn  to  th^ 
water^  and  the  extreme  voladlity  of  it^  owing,  I 
prefume,  to  its  high  phlogiftication  when  fortjptd 
in  this  ipannen 

In  order  to  afcgrtain  the  effc6k  of  thje  prefence  of 
phlogifticated  air  in  this  procefs,  I  now  not  onl]^ 
repeated  the  ei^periment  of  mbdng  a  given  quan- 
tity of  phlogifticated  air  with  the  two  other  kinds 
of  air>  and  found,  as  before,  that  it  was  not  afiedl- 
cd  by  the  operation ;  byt  I  made  the  experiment 
with  atmofpheric  air,  infiead'  qf  dephlogifticated. 
Since  the  air  c^  the  atmoiphere  contains  a  greater 
proportion  of  phlogifticated  air,  it  might  be  ex- 
peded  that,  if  the  acid  I  got  before  came  from  the 
fmall  quantity  of  phlo^fticatibd  air  which  I  could 
not  poflibly  exclude,  I  flipuld  certainly  get  more 
acid,  when,  inftead  of  endeavouring  to  exclude  it, 
I  purpofely  introduced  a  greater  quantity.  But  the 
confequence  was  the  produdbion  of  much  lefs  acid 
than  before,  the  liquor  I  procured  being  fome- 
times  not  to  be  diftinguiftied  from  pure  water, 
except  by  the  greateft  attention  poffible :  for  though 
the  decompofition  was  made  in  the  lame  copper 
veflel  which  I  ufed  in  the  former  experiments,  there 
was  now  no  feniible  tinge  of  green  colour  in  ic 

When  I  repeated  this  experirnent  in  a  glafe 
vefljel,  I  perceived,  as  I  ima^ned,  the  reafon  of 

the  fmall  produce  of  acid  in  thefe  new  c'urcun^N^ces ; 

for 
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for  the  vellel  was  filled  with  a  vapour  ^luch  was 
not  loon  condenled^  and  being  diffufed  through  tfie 
phlogifticated  air  (which  is  not  afFeded  by  the  pro^ 
eels)  is  drawn  away  along  with  it,  when  the  ex- 
)iaufting  of  the  tube  is  repeated ;  whereas,  wher^ 
there  is  little  or  no  dr  in  the  veflel  befides  the 
two  kinds  which  unite  with  each  other,  and  are 
decompofed,  the  acid  vapour^  having  nothing  to 
attach  itlelf  to  and  lupport  it  (by  being  entangle4 
with  it)  much  fooner  attacks  the  copper,  making 
the  deep  green  liquor  which  I  have  defcribed. 
Sometimes,  however,  I  have  procured  a  liquor 
which  was  fenfibly  green  by  the  decompolition  of 
atmolpheric  and  infiammable  air,  but  by  no  means 
of  io  deep  a  colour,  or  fo  fenfibly  acid,  as  when 
the  dephlogifticated  air  is  ufed. 

The  extreme  voladlity  of  the  acid  thus  formed 
(and  which  accounts  for  the  efcape  of  fome  part 
of  it  in  all  thefe  procelTes)  is  apparent  from  thi3 
circumllance,  that  if  the  explofions  be  made  in 
quick  luccelllon  (the  tube  being  exhaufted  imme- 
diately after  each  of  them,  and  filled  again  as  foon 
as  poflible)  no  liquor  at  all  will  be  colledted,  the 
whole  of  the  acid  vapour,  together  with  the  water 
with  which  it  was  combined,  being  drawn  off  un- 
condenled  in  every  procefs.  I  once  made  twenty 
luccefllve  explofions  of  this  kind,  in  a  copper  tube> 
out  of  which  I  found  that  I  drew  tliirty  feven  ounce 

meafurei 
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mcafores  of  air  by  the  addon  of  the  pump,  and 
found  not  a  fingle  drop  of  liquid,  though  near  an 
hour  was  ertiployed  in  the  whole  procefs,  and  the 
veffel  was  never  made  more  than  a  litde  warmer 
than  my  hand.  This  was  a  degree  of  heat  by 
no  means  fulEcient  to  keep  the  whole  of  any  quan- 
tity of  water  in  a  ftate  of  vapour;  and  is  a  cir- 
cumftance  that  of  itfelf  fufficiently  proves,  that  the 
'  vapour  did  not  confift  of  water  only. 

Indeed,  I  think  it  impoflible  for  any  one  tojei 
this  vapour  in  a  tall  glafs  veflel,  and  eipecially  to 
obferve  how  it  faUs  from  one  end  of  it  to  the 
other,  and  the  time  that  is  required  to  its  wholly 
dilappearing,  without  being  fatisfied  that  it  con- 
fifts  of  fomething  elfe  than  mere  water,  the  vapour 
of  which  would  be  more  equally  difiufed.     If  the 
appearance  to  the  eye  fhould  fail  to  convince  any 
perfon  of  this,  the  fenfe  of  fmell  would  do  it :  for 
even  in  a  glafi  veflel  it  is  very  ofFenfive,  though  it 
might  not  be  pronounced  to  be  add.     I  conjefture, 
however,  that  this,  and  every  other  fpecies  oiJmeU^ 
is  produced  by  fome  modification  of  the  acid  or 
alkaline   principle.      Some    may  be   dilpofed    to 
afcribe  this  fmell  to  the  ir(m  from  which  the  in- 
flammable air  was  produced  \  but  the  fmell  is  the 
fame,  or  nearly  fo,  when  the  air  is  from  tin,  and 
would  probably  be  the  fame  if  it  were  from  any- 
odier  fubftance. 

-    I  .     Befidcs 


Befides  ufing  atmofphenc  air,  which  contaios 
a  greater  proportion  c^  pblogifticated  air^  I  have 
fbmetimes  uied  dephlogifticated  air  which  was  not 
very  pnre ;  and  in  tljis  cafe  I  have  always  obfcrwd, 
that  the  liquor  I  procured  had  lefs  colour^  and  was 
leis  fenfibly  acid. 

.  Thefc  obfervations  naight,  I  fhould  think,  fatisfy 
any  reafonable  perfon,  that  the  acid  liquor  which 
I  procured  by  the  explofion  of  dephlogilticated  and 
inflanunable  air  in  dofe  veflels  did  not  come  from 
the  phlogifticated  air  which  could  not  be  excluded, 
whether  it  was  that  which  remained  in  the  veilel 
after  exhaufting  it  by  the  air  pump,  or  that  with 
which  the  dephlogifticated  air  was  more  or  lefs 
contaminated. 

I  muft  obferve,  that  the  fuppofidon  of  water 
entering  into  the  conftitudon  of  all  the  kinds  of  air, 
and  being,  as  it  were,  their  proper  hajis^  that  with«- 
out  which  no  aeriform  fubftance  can  fubfiil  (which 
the  preceding  experiments  render  in  a  high  degree 
probable)  makes  it  unneceflary  to  fuppofe,  as  my-» 
felf  as  well  as  others  have  done,  that  water  con^ 
fiils  of  dephlogifticated  air  and  inflammable  air, 
or  that  it  has  ever  been  either  compofed  or  dccom- 
pofed  in  any  of  our  procefles. 

That  water  is  decompofed  when  inflammable  air 
is  procured  from  iron  by  fleam,  is  not  probable  \ 

iincc  the  inflammable  principle  may  very  well  be 

fuppofed 
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lupp(^ed  to  come  from  the  iron^  and  the  addition 
of  weight  acquired  by  the  iron  nuy  be  aferibed  to 
the  water  which  has  diiplaccd  it  Alio  when  the 
/cole  ofiraHj  or  fiiery  cinder,  is  heated  in  inflamma- 
ble air,  it  gives  out  what  it  had  gsdnedj  viz.  the 
water. 

The  moft  pkufible  objection  to  this  hypothefis 
is,  that  iron  gains  the  fame  addition  of  weight,  and 
becomes  the  lame  diing,  whether  it  be  heated  in 
contadfc  with  fteam,  or  furrounded  by  dephlogifli- 
cated  air.  But  from  the  preceding  experiments 
it  appears,  that  by  far  the  greateft  part  of  the  weight 
of  dephlogiftioated  air  is  wafer ;  and  the  fmaH  quan* 
tity  of  acid  that  is  in  it  may  well  be  fuppofed  t6 
be  employed  in  forming  the  ficed  airy  which  is  al- 
ways found  in  this  proceis :  for  that  there '  is  one 
common  principle  of  acidity,  and  that  all  the  acids 
are  oenvertible  into  one  another  (at  leaft  the  nitrous 
acid  into  fixed  air)  is  by  no  means  an  improbable 
fuppofition,  though  we  are  not  yet  in  polfeffioii  of 
any  proceis  by  which  it  may  be  done.  It  is  pretty 
evident  that,  in  this  refpeft,  nature  a6tually  does 
what  we  are  not  able  to  do. 

In  reply  to  what  has  been  otgefted  to  my  former 
experiments,  as  being  liable  to  exception  from  the 
phlog^cated  air  which  could  not  be  excluded  from 
the  dephlogifticated  air  when  it  was  decompofed^ 
by-meansof  inflammable  air,  I  would  &rther  ob^' 

fervc. 
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ierve,  that  I  have  found  the  procefs  I  have  made 
ufe  of  R>  have  no  tendenqr  whatever  to.decompofe^ 
phlogtfticated  ain  Indeed^  nodiing  that  we  have 
hitherto  known  concerning  this  kind  of  air  could 
make  it  prdjabtej  that  mere  beat^  in  contaA  with 
dephlogifticated  or  inflammable  air,  could  have  this 
efie6t  And  it  is  of  no  confequcnce  whatever  to 
fay,  that  any  particular  fubftance,  imagined  to  be 
decdmpofed,  is  pr^m  in  aprocefi^  unlefi  it  can 
be  (hewn  that,  in  diat  proeeis,  there  are  agents 
eapabk  of  decompofing  it*'  If  mere  beat  (whidi  is 
all  that  my  procef&  requires)  would  decompole  phlo- 
gilticated  air,  and  reduce  it  to  nitrous  acid,  the 
tranlmiffion  of  common  air  (which  confifls  of  de- 
phlogifticated and  phlogifticated  air)  through  a  red 
hot  tube  would  have  this  efieft,  which  it  is  well 
known  not  to  have. 

ButwIilatI  have^afierted  above  is  a  conclufion 
which  I  hi^e'^drawn  from  comparihg  the  decom- 
pofkion  of  dephlogifticated  air  by  the  two  proceffcs 
with  nitrous  and  inflammable  air.  That  nitrous 
air,  when  mixed  with  dephlogifticated  aii',  has  no 
tendency  to  produce  phlogifticated  air,  is  evident 
from  the  almoft  total  evanefcence  of  both  of  them, 
when  they  are  very  pure,  and  mixed  in  due  pro- 
portions 3  ~  and  that  nitrous  air  has  no  cfftOi  on 

phlogifticated   air  is  well  known.     If  then  the 

firing 
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firii^  of  dephlo^icafied  and  inflammable  air  had 

a. tendency  to  decomt)oie  any  portion  of  phlogifti* 

cated  air>  which  (houki  happen  to  be  mixed  with 

them,  lefs  would  remain  after  the  firing  of  inflain-it 

mable  and  impure  dephlogifticated  air  than  after 

mixing  it  with  nitrous  air }  for  as  the  impurities  of 

dephlpgifticated   air  coofifl.  of  phlo^fticated   air, 

thofe  would  diiappear  in  a  greater  proportion  in  the 

former  procefs  than  in  the  latter.    But  by  many 

careful  trials  I  find,  that  I  can  reduce  any  kind  of 

de^ogifticated  air  no  &rdier  by  a  miktiue  of  in-* 

flammable  air  than  I ,  can  by  nitrous  ain    When 

the  proportions    are  j  well    managed,    the  dimi-* 

nution  is  as  nearly  as  pofiible  the  ^me  in  both  the 
cafes. 

I  mull  obferve,  however,  that  it  requires  more 
nitrous  air  than  inflammable  air  (from  iron  by 
fteam)  to  produce  this  eSedi:  in  the  proportion  of 
about  ten  to  nine;  fo  that  nitrous  sur  does  not 
contain  quite  fo  much  phlogifton  as  an  equal  bulk 
of  inflammable  air,  as  I  had  before  thought  to  be 
the  cafe. 

In  this  fedlion  it  will  be  obferved,  that  I  make 
the  diminution  of  common  air  by  nitrous  air  to  be 
confiderably  lefs  than  I  have  ufually  done  before. 
This  has  been  the  confequence  of  giving  the  two 
kinds  oCair  a  litde  agitation  at  the  inftant  of  mbc- 

ing. 
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iiig,  which  will  generally  make  the  diminu^on  l^ia 
by  twp  tenths  tA  a  meafure.  But  I  have  found,* 
that  when  thefe /ipixtures  of  air>  with  and  without 
agitation,  have  been  kept  fome  time,  they  approach 
tQ.  an  equality  of  bulk. 

At  the  lame  time  I.  have  obfcrved,  what  I  think 
not  a  litde  extraordinary,  that  agitation  prevents 
die  greateft  diniinution  of  dephlogiilicated  and  ni** 
trous  air.  I  have  found  it  to  be  2.5  without  agita* 
don,  and  6.  with  it. 

'  The  lefi  diminutipn  kA  the  mixture  of  nitrous  and 
conunon  air  is  probably  owing  to  the  prefence  of 
fi>  much  phlogifticated  air,  which  impedes  the 
meeting  of  the  nitrous  air  with  the  dephlogifticated 
air  in  the  mixture  i  becaule  I  find  the  fame  to  be 
cafe  when  I  mix  the  fame  propordon  of  inflam? 
mable  sur  with  dq>hIogiftic2ted  air  \  and  when  de-^^ 
phl<^iiticated  air  is  agitated  with  nitrous  air,  the 
water  may  impede  their  union,  as  the  phlogifticated 
air  did  before. 

There  is,  there£)re,  no  fource  of  the  nUrous  acid 
which  I  find  on  the  decompofidon  of  dephlogifti*- 
caied  and  inflammable  air,  befides  the  union  of 
of  thofe  two  kinds  of  air,  which  therefore  do  not 
make  mere  watery  as  the  andphlogiftians  fuppofe. 

N.  B.  To  this  article,  when  originally  printed  in 
the  Fhilofophical  Tranfadions,  were  fubjoined  kt« 
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ters  to  me  from  Dr.  Widiering  stnd  Mn  Keir,  cad^ 
taining  analyies  of  the  green  liquor  formed  in  the 
experiments  here  mentioned.  They  may  be  (een^ 
Phil.  Tranf.  Vol.  78,  p,  323. 

Before  I  conclude  this  fedtion,  I  fhall  juft  men« 
tion  a  few  circumftances  attencling  the  many  ex{^ 
lions  I  have  made  of  inflammable  and  dephlogifli^' 
cated  air  in  the  long  metallic  and  glafi  veflels  I 
have  made  ufe  ofy  as  they  were  pretty  remarkable. 
The  explofions  were  made  by  a  fmall  eleftric  ipark 
at  one  end  of  the  vellel,  and  the  greateft  force  of 
the  e^lofion  was  always  at  the  other  end.  No  tinned 
iron  veflel  could  bear  many  of  them  before  they 
fwelled  out  at  that  end,  and  at  lengdi  burft ;  and 
even  the  flat  end  of  the  copper  vcflclj  which  was  not 
kis  than  one  tenth  of  an  inch  thickj  was  in  time' 
made  quite  convex,  and  the  cylindrical  part  next  to 
it  was  made  very  fcnfibly  wider  than  any  other  part 
of  the  tube.  This  muft  have  been  efieded  by  mere 
force^  and  not  by  beat ;  for  the  hottcft  part  of  the 
tube  after  every  explofion,  was  never  there,  but  al- 
ways, about  the  middle,  though  fomething  nearer  to 
that  end  than  the  other,  and  in  the  glais  veflel  the 
denfe  cloud  was  always  formed  at  th^  end. 

The  probability  is,  that  the  air  where  the  eleftric 
Ipark  is  made  taking  Are  flrft,  the  inflammation  does 
not  extend  itfelf  fo  rapidly  but  that  the  air  at  the 

oppofite 
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e^tfofiife  fciici  is  firft  cqiidenfed,  ih  coixfequence  of 
die  mflafantnidbn  tod  expanfion  oJT  die  air  at  the 
d&ist  endj  fo  dut  the  kir  is  diere  fired  ih  a  cbn« 
dte^fbttt;  and  iienlte  ks  greater  &rce« 
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Of  jfSr  fr§A»td  by  tU  Solution  ofVegetdbk  Stit/tmit 

a  SfirU  bf  Nitre. 

THE  dqierimeiits,  of  whidt  ait  account  will  b6 
^yen  ift  dus  fi^on,  were  occalioned^  iji  p^j 
by  a  hint  thrown  out  by  Mr.  Bewiey,  in  his  letter 
tor  n^e^  printed  in  ah  Appendix  of  one  of  my  former  vo- 
hiiixb  i  but  nidre  immediately  by  an  experiment 
whieh  I  h^  the  pteaiure  to  fee  at  Paris,  in  the  la-* 
hoUX^rf  df  Mr.  Latvoiiierj  my  excellent  fellow-la- 
bourer in  thefe  inquiries,  aiid  to  whom,  in  a  variety 
of  reipefts,  the  philofbphical  port  of  the  world  has 
veiy  great  obligadons. 

Mr.  Bewley  fa;^,  thiit  he  had  always  taken  it  for 
granted,  that  die  el&ftic  fluids  generated  in  the  pre^ 
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paration  of  nitrous  ether,  without  diftilladon^  was 
fixed  air. ;  but  that,  after  fedng  the  firft  publica-r 
tion  of  my- papers  relating  to  air,  he  found,  on  ex- 
mination,  that  k  had  the  general  properties  of  ni- 
trous air. 

At  Mr.  Lavoifier's  I  faw,  with  great  aftonifh- 
ment,  the  rapid  produftion  of,  I  believe,  near  two 
gallons  of  air,  from  a  mixture  of  fpirit  of  nitre  and 
fpirit  of  wine,  heated  with  a  pan  of  charcoal  j  and 
when  that  ingenious  philofopher  drew  this  air  out  of 
the  receiver  with  a  pump,  and  applied  the  flame  of 
a  candle  to  the  orifice  of  the  tube  through  which  it 
was  conveyed  into  the  open  air,  it  burned  with  a 
blue  flame ;  and  working  the  pump  pretty  vigoroufly^ 
he  made  the  ftreams  of  a  blue  flame  extend  to  a 
confiderable  diftance.  Being  very  much  ftruck  with 
this  experiment,  I  determined  with  myfelf  t6  *'gtve 
particular  attention  to  it,  and  purfbe  it  after  my  re« 
turn  to  England. 

My  firft  idea  was,  that  this  air  was  the  ikme  thing 
with  the  phlogifticated  nitrous  air,  as  I  then  called  it, 
which  I  had  procured,  by  expofing  pieces  of  iron  or 
liver  of  fulphur  to  nitrous  air,  the  phlogiftonof  the  fpi- 
rit of  wine  being,  as  I  fuppoied,  difengaged  in  this  pro- 
ceis,  and  becoming  incorporated  with  the  nitrous 
acid,  in  the  fame  manner  as  the  phlogifton  that  is 
difengaged  from  the  other  two  fubflances.  Theie 
kinds  of  air  differed,  however,  in  one  reiped>  viz. 

that 
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^lat  in  Mr.  Lavoifier*s  experiment  the  flame  was 
bhie^  whereas  it  had  not  been  (o  in  mine.  But 
this  Teemed  to  be  a  circumftance  of  no  great  import- 
ance.  Indeed  I  ciannot  fay,  diat^  at  preient,  my 
idea  of  the  thing  is  materially  different  from  what  it 
was  then  ; '  but  I  have  fince  had  an  opportunity,  by 
purfuing  this  experiment,  of  obferving  a  much  great- 
er variety  in  the  production  of  air  by  meails  of 
fpidt  of  nitre,  than  I  had  any  expedtation  of  be« 
fore. 

•  Ih  general,  it  will  be  ieen,  in  the  couHc  of  thele 
experiments,  that  if  the  fubftance  with  which  the 
Ipirit  of  nitre  is  heated,  whether  it  be  fluid  or  Iblid^ 
contain  much  phlogiflron,  the  air  produced  from  it 
will  be  nitrous  air,  or  poflefs  die  property  of  dimi-» 
nifliing  common  air  .to  a  confiderable  degree  %  and> 
in  almoft  all  caies,  with  a  mixture  of  fixed  air.  If 
tbe*iubftance. be  inflammable,  the  air  will  generally 
be  iiich  as  I  law  at  Mr.  Lavoi&er's,  burning  widi  a 
Uue  flame.  But  this  inflammability  is  of  a  very 
delicate  kind,  refembling  that  of  dephlogifticated  ni« 
trous  air  i  for  the  air  iseafily  deprived  of  it  by  wa(h- 
ingin  water. 

A  particular  accodnt  of  thefe  experiments,  though 
very  remarkable  in  their  nature,  will,  I  forcfce,  be 
thought  tedious  by  fome  perfons ;  but  the  detail  will 
be  very  ufeflil  to  fuch  as  Ihall  chufe  to  profecutc 
them  \  efpegially  on  account  of  the  precautions  that 
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I  ihall  occifionally  gire  to  prevent  dUagrceabk  ac- 
cidents from  thiem.  Every  chemift:  knows  how  ha- 
zardous  it  is  to  nux  ipirit  of  nitre  widi  inflamnudile 
matters ;  and  I  was  not  unapprised  of  it,  having 
feen  the  eficft  in  a  courfe  of  chemical  leftuses  many 
years  ago.  But,  beii^  obl^ed  to  make  thcfe  vcva^ 
turrs  in  a  very  different  manner,  the  efiefk  could  noc 
be  obviaced  without  a  variety  of  precautionSj  which 
experience  only  taught  me.  •    ' 

Beginning  yfvkjpirit  of  fvitie,  in  imitarion  of  the 
experiment  which  I  had  &en  at  Mr.  Laroi&r^s^  I 
made  the  mixture  with  die  Q>irit  of  nitre^  in  the 
manner  direded  in  the  pioceis  for  maijang  nitrous 
ether ;  putting  about  one  third  of  ^irit  e£  nitre  to 
two  thifdsof  fpirit  of  wine,  in  fuch  a  pfaisl  as  ^  PL 
L  mixing  diem  very  gradually.  Heating  this  mix^ 
ture  with  the  dame  of  a  candle,  I  received  the  air 
in  waters  and  when  I  had  procured  a  confiderabCe 
quandtyof  it,  I  examined  it,  and  found  it  to  bunt 
with  a  gentle  blue,  or  greeinih  flame,  aearfychefame^ 
as  well  as'  I  could  recoUeft,  *  with  that  which  I  had 
ieen  at  Mr.  Lavoifier^s ;,  fa  that  I  had  m>  doobt  but 
that  my  procefs,  though  fomewhat  diffeitnt  fixim 
his,  had  aniWered  perfedUy  welL 

Confidering  this  Same  with  amndon)  I  thought 
it  very  much  rtfembted  that  vriiich  is  produced  by  a 
mixture  <^  about  one  diird  inflammable  ^r,  and 
two  thirds  oitrpus  air  i  and  concluded,  i6at  it  was 
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probsblj^comiioftdof  them  boih;  the  nitrous  acid 
fbrmiog  nkrous  air^  by  feizing  upon  the  phlogiftoa 
oftbe  ipiric  of  wine  s  and  there  being  a  redundancy 
of  inflsmmaUe  matter,  fiifficient  to  render  the  air 
partial^  tnflammabk. 

In  the  direftions  to  make  nitrous  ether,  I  was 
ouiuoned  to  poui^  the  fpirit  of  nit^e  upon  the  fpirit 
ofwim^  and  by  no  means  to  pour  the  fpirit  of  wine 
upon  the  Spirit  of  nitre.  But  thoi^h  this  method 
of  mixing  thefe  liquids  may  not  anfwer  the  pufpofe 
of  makii)^  mtrous  ether,  it  anfwered  very  weU  for 
the  pfoduftion  of  air,  and  was  a  very  ufefiil  variety 
in  the  proeefiu  It  is  liecefl&ry,  however,  that  the 
uneiqierienced  operaior  Ihould  be  upoa  his  guard  in 
tfiefe  experimeiita.. 

The  ^irit  of  mtre  fhouM  be  nauch  dikited,  and 
die  quan^  (^  any  liquid  infiammable  matter  ihould 
be  very  6naU,^3uft  fufficient  ta  cover  the  fiirfiK:e  of 
it :  otberwife,  tkouglx  the  mixture  noay  exhibit  no 
alarming  appearance  at  firft,  it  will,  in  a  litde  time^ 
become  very  black,  begging  at  the  fur&ce ;  die 
phial  will  then  be  filled  with  red  fumes,  die  air  witt 
be  gpneiated  in*  a  prodi^ous  torrent,  and,  unlei^  the 
tube  through  whidi  it  is  traafinicoed  be  iiifficiendy 
wide,  and  the  veflel  in  which  the  mature  is  made  be 
very  ftrong,  the  whole  wiH  be  expkxled  with  great 
violence.  Of  this.  I  ha.ve  feea  but  too  many  in- 
ftancsss  and  iometimes  wdien  I  had  thoughti  that 
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my  experience  had  taught  me  iuflkient  precaution. 
Befides,  all  oily  matters  become  extremely  vifcid^ 
by  mixing  with  fpirit  of  nitre  ;  and  diis  vifcid  mat- 
ter getting  into  the  tube,  ftops  it  up,  and  much  in- 
creafes  the  hazard  of  an  explofiont  But  to  recur  tO; 
the  experiments. 

Having  poured  a  very  XixAtffirit  of  wine  upon  a* 
quantity  of  diluted  (pirit  of  nitre  in  a  glafs  phial,  with* 
a  ground  ftopper  and  tube,  a  great*  quantity  of  air 
was  prefently  produced.  When  a  candle  was  dipped 
into  this  air,  it  was  e^tinguifhed ;  but  in  going  out 
was  furrounded  with  a  flight  blue  or  green  flame, 
but  hardly  more  than  is  perceived  in  nitrous  ^r. 
Almoft  one  half  of  this  produce  of  air  was  readily 
abibrbed  by  water,  and  precipitated  lime  in  lime- 
water  ;  and  I  doubt  not  but  that,  in  the  fubfequent 
experiments,  as  well  as  in  this,  a  great  proportion  of 
the  air  produced  in  this  manner  was  fixed  ain 
The  remainder  was  nitrous^  alm(^  as  ftrong  ias* 
any. 

Upon  air  produced  in  this  manner  from  oil  oftur^ 
fentinty  I  happened  to  make  a  few  more  experi- 
ments, fome  of  which  arc  not  a  litde  remarkable. 
When  I  ufed  the  ftrongeft  fpirit  of  nitre  in  this  pro- 
cefs,  it  was  very  difficult  to  get  much  air,  on  account 
of  the  luddennels  of  the  effcrvefcence  ;  but  a  great 
quantity  of  air  is  eafily  produced  by  diluting  the 
fmoking  Ipirit  of  nitre  with  an  equal  quantity  of 
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water.  At  one  time,  however,  when  I  had  heated 
this  mixture  pretty  much,  and  it  had  yielded  a. great 
deal  of  air,  though  I  withdrew  the  candle,  the  air 
continued  to  be  produced  failer  and  fader  for  about 
a  minute.  It  then  came  quite  in  a  torrent ;  all  the 
oil  of  turpentine  was  thrown  out  of  the  phial,  and 
the  fpirit  of  nitre  only  left  in  it.  This  is  likewife 
the  caie  with  other  fimilar  mixtures  ;  fo  that  when  ic 
is  neceflaiy  to  apply  heat,  it  fhould  be  done  very 
gradually  and  cautiouQy,  and  the  air  fhould  never 
be^nerated  very  faft,  unlels  the  purpofe  of  the  ex- 
periment require  it,  and  the  operator  be  upon  his 
guard  accordingly. 

When  I  received  this  air  in  water,  it  extinguiihed 
a  candle,  and  did  not  diminifh  common  air.  When 
received  in  quickfilver,  it  ftill  extinguifhed  a  can- 
dle ;  but  as  it  went  out  the  third  or  fourth  time,  it 
was  furrounded  with  a  bluifh  flame,  as  large  as  that 
of  the  candle.  And  happening,  at  one  time,  to  ap« 
ply  more  heat  than  I  intended  when  the  air  was  re- 
ceived in  water  (and  in  confequence  of  it,  the  air 
was  produced  very  fuddenly)  I  examined  it  imme- 
diately, and  a  candle  burned  m  it  with  an  enlarged 
flame,  though  not  remarkably  fo.  It  Ihews, 
however,  that  in  this  procefs  alfo,  as  well  as  in  the 
proceis  for  making  dephlogiflicated  nitrous  air,  the 
property  of  its  admitting  a  candle  to  burn  with  an 
enlarged  flame  depends,  in  a  great  meafure,  upon 
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die  time  at  lyhich  the  experiment  1$  tried  afto:  tbc 
aif  is  produced,  ^d  ppor^  otbtr  ddkate  circuov- 
ft?mccs^ 

A  quantity  of  this  air>  received  in  waier,  was 
about  half  abforbed  in  one  nig^t.  9y  agitatk>A  it 
^ppea,red  to  be  abforbed  not  fo  readily  as  fixed  air, 
nor  with  ib  nuich  difficulty  as  nitrous  air,  but  in  a 
Qiedium  betweep  both.  When  this  air  was  reduced 
ty  about  one  ei^th  of  its  original  bulk,  it  was  di« 
ipiniftied  by  nii;rous  air.  But  this  is  the.  caie  with  all  - 
the  kinds  of  air  that  will  bear  the  expecioienc,  stpd 
even  with  nitrous  air  itfelf,  as  I  have  obferved  be- 
fore. 

At  the  doie  that  I  made  die  preceding  experi- 
ments  with  oil  of  turpentine,  I  had  no  lime  water  at 
hand;  and  therefore  only  jydged  that  part  of  the 
produce  was  fixed  £ur,  by  the  manner  in  which  it 
WiKS  abforbed  by  water.  But,  leis  certsun  as  this  teA 
is,  a  perfon  much  uijed.tx)  es^periments  of  this  kind^ 
will  be  able  to  apply  it  with  fufEcient  pertainty  in, 
moft  cafes.  However,  repeating  this  experiment;, 
when  I  had  procured  the  glais  phiak  with  ground 
ftoppers  and  tybes,  I  found  that  the  greateft  part  of 
tjiis  air  was  unqueftioqably  fixed  air,  precipitating* 
Ikoie  in  lime  water,  as  much  as  any  fixed  a^  what- 
ever, and  that  the  remainder  wa^  ftrongly  nitrous* 
Attempting  at  this  time  aUb;  to.  receive  the  air  in^ 
(juickfijyerj  a  jgood  deal  of  the  vappiir  c^the  fpirit  of 
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nvwle  the  prodi^e  pf  air  a]p[noft  wl^%  «itro|us. 

J  obfeFYe4>  ^  one  tinw,  when  I  had  produced 
dii$  ^  in  a  plual  wilh  ^  grpwd  ftopper,  that  a^ 
die  firft  p^  of  the  proce^  \i^  ^hich  no  heat  was 
applied,  the  water  ru0xed  back  into  the  phiak 
Upoix  ^  I  applied  th«  fl^m^  of  a  c^odk  to  the 
dik^  inv(tMre»  and  getting  a  feoood  produce  of 
air^  «](2M^niQiKl  th^m  both  Separately .  Bock  of  them 
contained  a  great  praportion  of  fixed  atSi  precipi^ 
tatii^  lioie  in  kme  water  very  nuich  ^  and  when 
the  Jfoed  air  was  wafiied  wt  of  ^m,  they  both 
duninilhed  common  air,  but  the  latter  more  thaa 
the  former.  Two  meafures  of  commoi>  air,  and 
oii|f£  of  this,  occupied  the  fy^ct  of  little  more  than 
two  meafures. 

la  order  te  judge  how  &r  aa  acid  prevailed  in  thi^ 
W  from  ipirit  (^  nitre,  a^d  oil  of  turpentine,  \  put 
%^C9j&ne  air  tx)  it;  whea  iqHUntly  a  white  ckud  waa 
pf^i^uced,  which  rofe  to  the  top  of  the  veffil ;  bufi 
lie  was  by  no,  means  to  denfe  as  that  which,  is.  pro-, 
duced  by  misdng  alkaline  air  with  any  of  the  acid 
airs  s  nor  did  the  whole  quantity  of  air  diiappear» 
t^UFonly  half  of  it.  However,  all  the  infide  of  the 
tube  was.  covered  with  a  faline  fubftance,  which  I 
did  opt;  examine,  but  fuppofed  it  to.  have  been  the 
nitrous  ammoniac.    Having  the  curiofity  to  dip  the 
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flame  of  a  candle,  which  happened  to  be  at  hand^ 
into  the  air  that  remained  of  this  mixtjure,  it  ap- 
peared to  be  fo  far  inflammable,  as  even  to  make  a 
confiderable  explofion  i  but  not  quite  fo  great  a  one' 
as  I  have  obferved  to  have  been  made  by  a  quantity 
of  dephlogiflicated  nitrous  air. 

Repeating  this  experiment  fome  time  afterwards, 
about  one  fourth  of  the  mixture  of  this  air,  and 
alkaline  air,  diiappeared  upon  their  being  put  to- 
gether. Half  of  the  remainder  was  abforbed  by 
water ;  and  in  this  fecond  remainder  (which,  by  its 
rednefs,  on  being  expoled  to  common  air,  appeared 
to  be  confiderably  nitrous)  a  candle  burned  with  a 
beautifully  enlarged  flame. 

In  thefe  cafes  the  alkaline  air  mufl  have  fup- 
plied  the  phlogifton.  For  neither  of  the  com- 
ponent parts  of  this  air,  viz.  the  fixed  or  the  nitrous, 
are  either  feparately,  or  together,  inflammable.  It 
is  Ibmething  remarkable,  however,  that  when  I 
mixed  equal  quantities  of  nitrous  and  alkaline  air^ 
and  examined  the  mixture  immediately,  the  nitrous 
air  ieemcd  not  to  have  been  at  all  afFedted  by  the 
alkaline  air.  It  was  not  in  the  fmallefl:  degree  in- 
flammable. I  had  imagined  that  alkaline  air  might, 
in  this  manner  alfb,  have  phlogiflicated  the  nitrous 
air ;  but  it  feems  that  when  it  is  fo  applied,  it  has 
no  fuch  tSt6t 

Air 
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Air  produced  from  all  the  ejfentidl  Ms  by'  fpirit 
of  mcre^  has,  I  believe^  the  fame  properties  as  that 
which  is  produced  from  oil  of  turpentine.  I  tried 
another,  but  I  forget  which,  in  a  phial  with  a  ground 
ftopper,  and  the  air  produced  from  it  precipitated 
lime  in  lime  water,  extinguiflied  a  candle,  and  di- 
minifiied  common  air  a  litde. 

Eiber^  both  vitriolic  and  nitrous,  heated  in  ipirit 
of  nitre,  yields  the  fame  kind  of  air  as  the  eflential' 
oils,  or  ^irit  of  wine,  viz.  partly  fixed  air,  and 
partly  dephl(^;ifticated  nitrous  air.  Equal  caution  is 
alio  neceiiary  in  condui^g  this  proceis  i  for  the 
phenomena  attending  it  are  the  fame  that  I  defcribed 
in  the  beginning  of  this  fedion,  and  in  the  highefl: 
degree.  I  would  therefore  recommend  the  ufmg 
of  a  vtrf  fmall  quantity  of  the  ether,  and  putting 
it  upon  the  fpirit  of  nitre. 

At  firft,  however,  in  imitation  of  the  proceis  for 
making  nitrous  ether,  1  poured  the  fpirit  of  nitre 
upon  the  ether,  as  1  had  done  at  firft  alfb  with 
fpirit  of  wine;  and,  heating  the  mixture,  received 
the  air,  which  it  yielded  in  great  plenty,  in  quick- 
filver.  This  air  made  no  cloud  with  the  mixture 
of  alkaline  air ;  it  burned  exadly  like  the  vapour 
of  ether  itlelf  $  and  when  part  of  the  mixture  had 
boiled  over,  it  quickly  abibrbed  the  air  that  had 
b^n  generated. 

Seeing 


7^  OBSERVATK^KS  ON  PH^t  L 

Seeing  fufficient  rcaibn  to  di&pproiw  of  ibis  pro- 
ods»  I  had  recourfe  to  the  other,  and  foimd  that 
vhm  I  ufed  a  vefy  dilufed  fpirit  of  nkrty  and  but 
littk  ether,  the  experiment  was  much  more  iMnagt^ 
able,  and  the  air  was  produced  in  fufficient  pkntjr. 
This  air  was  readily  abibrbed  by  water;  and  upon 
putting  alkaline  air  to  it,  a  very  ffight  cloud  roCe 
to  the  top  of  the  veflel;  but  there  was  no.  ftnfible 
duKvinutioA  of  the  quantity  of  air  occafioned  by  it. 
When  a  candle  was  dipped  into  this  air,  it  wm 
cytinguUhcd  many  tunes,  but  always  with  a  beau- 
M(iil  bluiih  flame>  much  larger  than  the  natural 
9m^  of  the  caodk.  Towards  the  cloie  of  the  ex« 
periment^  the  air  in  the  infide  of  the  vei&l  became 
Fed ;  a  certain  fign  of  its  being  conliderably  mtrQM8» 
On  repeating  this  experiment,  when  I  had  piociniec^  - 
the  phials  with  the  ground  ftoppers  and  tubes>  f 
had  the  niioft  fatisfiuStory  proof,  that  part  of  this 
produce  of  air  was  fixed  air,  by  its  precipitating 
Ijme  ki  lime  water  i  and  that  tKe  femaiaditr  was 
9itrQuSy  almoft  as  ftrong  as  any,  by  its  power  ef 
dioiiniihing  cotxmton  air. 

The  refult  of  tike  experiment  wiih  niinous  ether 
weiBy  i«  all  refpeds^  the  very  &me  as  that  of  thisr 
widi  vitriolic  ether.  I  made  the  experiment,  be-' 
4auie  it  might  have  been  expeded  that  there  wouldf 
have  been  fome  difference  in  the  reiult^  as  the  ni- 
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ttOUB  edier  is  die  produce  of  f(ririt  of  mcrCy  ^th 
winch  it  was  now  mixed. 

Spirit  of  nitr^  heated  widi  tihe  oii^  yields  the 
kmt  idnd  6f  air  with  that  which  is  produced  fit>in 
•famal  oilsi  &€•  but  the  psoceis  is  exceedingly 
trooUeicxBe,  owing  to  the  tenacity  of  the  oil ;  and 
it  is  noc  much  more  manageable,  when  but  a  rery 
litde  of  the  oil  is  put  to  a  large  quantity  of  the 
dihittd  fpirit  of  nitre.  The  air  which  I  got  in  this 
mamia'  pfecipit«(cd  Ume  in  lime  water. 

With  very  great  difficulty  i  got,  in  a  phial  with 
a  ground  ftopper,,  a  very  fmall  qtiantity  of  air  from 
igmi  of  nitre  and  iaiUw,  the  water  rulbing  into 
At  veflel  after  every  guib  q[  air.  It  prec^tated 
lime  in  lime  water. 

The  refiik  of  the  e3q)erimeQt  with  ins  max,  was 
the.  very  iame  with  that  with  tallow.  Putting  a 
iinaU  piece  of  bees  wax  upon  a  *  quantity  of  pretty 
ibong;  ipirit  of  nitre,  I  got  air  which  made  lime 
warer  turbid  j  but  not  enough  to  afcertaia  its  other 
pso^erties.  This  procefi  was  equally  diificuk  with 
the  preceding,  oa  account  of  the  water  rufhing  into 
the  phial  after  every  guih  of  air. 

I  had  the  curiofity  to  endeavour  to  procure  air 
fix>m  ibme  of  the  pms,  &c.  by  this  proceis,  and 
fixmd  she  refiik  to  be,  in  the  naain,  the  iame  wick 
that  of  the  preceding  experiments. 
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'  Gum-araiic  eafily  dUfolves  in  the  nitrous  acidi 
and  as  it  diflblvcs,  a  great  quantity  of  air  is  pro- 
duced, making  a  beautiful  appearance;,  but  when 
the  acid  is  nearly  faturated,  it  becomes  vifdd,  and 
the  veffel  gets  full  of  froth.  Part  of  this  air  was 
fixed,  precipitating  lime  in  lirtie  watery  and  being 
readily  abforbed  by  water.  The  remainder  was 
nitrous,  almofl  as  (bong  as  any. 

The  refult  was  the  fame  with  gum  copal,  except- 
ing that  this  fiibilance  did  not  (ink  in  the  fpirit  of 
nitre,  as  the  gum  arabic  had  done. 

Camphor,  with  diluted  Ipirit  of  nitre,  yielded  very 
ftrong  nitrous  air ;  but  required  a  confiderable  de- 
gree of  heat.  A-  good  deal  of  the  camphor,  which 
had  been  fluid,  and  hsld  fwum  on  the  furface  of  the 
fpirit  of  nitre,  came  over,  and .  refumed  its  natural 
appearance  in  water.  I  did  not  try  whether  any 
part  of  this  produce  was  fixed  air. 

I  got  fbme  air  by  Ipirit  of  nitre  itova  amber, 
which  precipitated  lime  in  lime  waters  but  tht 
quantity  was  too  fmall  to  be  examined  any  farther; 
Afterwards  I  got  a  larger  quantity  from  a  greater 
number  of  fmall  pieces  of  amber,  heated  in  a  weak 
fpirit  of  nitre,  contained  in  a  phial  with'  a  ground 
(topper.  About  one  third  of  this  pi^uce  was  fixdd 
air,  precipitating  lime  in  lime  water,  and  being 
readily  abforbed  by  water.  In  the  remainder  a 
candle  burned  with  an  enlarged  greenilh  flame.    It 
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alfo  diminiihcd  common  air ;  io  that  two  meafures 
of  comiiion  air^  and  one  of  this,  occupied  the  fpace 
of  two  meafurts  and  a  quarter. 

N.  B.  Mofl:  of  the  pieces  of  amber  ufed  in  diis 
experiment  were  tomed  black  quite  through,  the 
reft  continuing  of  their  natural  colour. 

It  happened^  in  the  oourfe  of  thele  experiments, 
that  a  bit  oi  Jealing  wax  got  mto  the  phial,  and  I 
obferved  2ur  to  iflue  from  it  very  copioudy.  Upon 
this,  I  put  a  piece  of  iealing  wax  into  the  phial> 
with  ipirit  of  nitre,  and  received  the  air  at  different 
times.  That  which  came  over  firft  was,  in  the 
higheft  degree,  nitrous  $  but  when,  with  the  appli- 
cation of  mdre  heat,  I  cauied  a  copious  production 
of  a  very  turbid  kind  of  air  (which  however,  pre- 
iendy  became. tran^arent)  it  hardly  afieded  com- 
mon air  at  all.  It  was  then  pretty  readily  abforb- 
ed  by  water;  and  though  at  firft  it  extinguiihed 
a  Candle,  yet  when  it  had  been  wafhed  in  water, 
a  candle  burned  in  it  with  a  blue  fiame.  Indeed 
when  .the  candk  was  extinguiihed  in  it,  it  went  out 
with  ^at  kind  of  blue  flame.  The  courfe  of  this 
experiment  will  be  found  to  be  analogous  to  that 
with  other  bard  Jubftances  containing  phlogifton, 
which  I  Ihall  now  recite,  though  many  of  them 
were  made  before  this. 

Having  found  that  charcoal  would  diflblve  in  oil 
of  vitriol,  and  thereby  yield  a  .vitriolic  acid  ah",  I 
had  the  curiofity  to  try  what  would  be  the  efTeA 

of 
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of  an  attempt  t6  dlflblTC  thh  fybfhmce  in  fpai4t 
of  nitres  This  was  Wh^n  I  had  made  but  little 
progrefs  in  the  preceding  expcrimcntt  widi  oiJy 
and  gumtny  ^ftahcesj  arid  I  had  ilo  ckp^£bttion 
of  the  refult.  I  be^  i^ith  taking  the  produce  hi 
quickfilver,  as  I  hid  done  with  that  ixmi  the  ^i* 
Jtriolic  acid;  but  all  diat  came  ovel'in  thto  miui* 
]ier»  was  the  Dttrous  acid  yapour,  Which^  fthsifig 
iipon  the  qttickfilver,  produced  nitrous  au^. 

After  thisy  I  received  die  produce  in  watefv  and 
^ound  it  to  be  genuine  nttrotu  air,  almoft  as  ftrotig 
as  any  that  is  produced  from  itietsds.  At  diafi 
time  I  was  much  furprized  at  this  refiitty  hafvfai^ 
imaged  that  nitrous  air  could  riot  be  pf dbured 
but  by  the  Ibludon  of  metals  in  (pktt  of  nitre  $ 
and  I  confidered  this  ad  another  property  in  whidf 
metals  and  charcoal  reienfible  each  dtherj  befide^ 
thoie  which  I  had  noted  before^  and  an  account  of 
which  may  be  fcen  in  1  paper  formerly  printed  ift 
the  Philofophical  Tranfaidtions.  But  preikntly  aftei^ 
this  I  got  nitrous  air  equally  ftrong  from  other  hard 
fubftances,  fuch  as  dry  VH>6d  of  various  kihds^  &c« 
but  in  thefe  proceiles  the  quality  of  die  air  differs 
exceedingly,  according  to  th6  digree  of  heat  applied, 
and  other  circumftances :  and  I  Aink  the  fubje6l! 
^  dcferves  a  farther  inveftigation.  To  promote  this^ 
I  ihall  recite  the  principal  fafts  of  this  kind  diat 
have  occurred  to  my  obfervation. 

Having 
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Having  poured  about  a  quarter  of  an  ounce 
meafure  of  fmoking  fpirit  of  nitre,  mixed  with  an 
equal  quantity  of  water,  upon  fome  founded  char- 
coaly  and  having  applied  to  it  the  flame  of  a  candle, 
I  coUeffced  a  large  jar  full  of  air,  in  all  twenty 
.eight  ounce  meafures.  When  about  half  of  this 
quantity  of  air  was  produced,  it  was  impoffible  to 
apply  any  more  heat,  but  the  fpirit  of  nitre  would 
come  over ;  which  it  did,  tinged  with  a  deep  black. 
When  all  the  liquor  was  come  over,  ftill  one  fourth 
part  of  the  dr  was  produced  with  the  application 
of  a  ftrong  heat.  The  air  of  this  whole  produce, 
which  was  not  taken  at  different  times,  was  ftrongly 
nitrous.  Two  meafiires  of  common  air,  and  one 
of  this,  occupied  the  fpace  of  no  more  than  two 
meafures. 

It  was  my  feeing  this  air  produced  in  different 
circumftances,  viz.  before  any  of  the  acid  came 
,  over^  and  afterwards,  that  fuggefled  to  me  the  im- 
portance of  taking  the  air  at  different  dmes,  ac- 
cording to  the  changf  of  circumftances  in  the  pro- 
du£don  of  it;  a  hint  which  I  purfued  to  very  great 
advantage  afterwards^  as  the  reader  has  already 
fcen,  and  will  4ee  farther,  in  the  courfc  of  my  ex- 
periments. 

Repeating  the  experiment  with  this  view,  I  ex- 
amined the  firfl  produce  of  air,  which  came  over 
wjiile  the  heat.w^  very  moderate,  and  found  it  to 
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be  very  ftrong  nitrous  air,  almoft  as  ftrong  as  that 
which  is  procured  from  metals.  Towards  the  laft 
I  increafed  the  heat^^  and  by  that  means  produced 
a  very  turbid  air,  of  which  I  collcfted  a  prodigious 
quantity.  Sometimes,  however,  the  air  would  be 
quite  tranfparent,  and  then  turbid  again,  feveral 
times.  I  endeavoured  to  take  the  turbid  air  and 
the  tranfparent  feparately,  and  I  fucceeded  pretty 
well ;  but  I  found  them  both  to  be  of  the  fame 
quality,  extinguifliing  a  candle,  and  diminifliing 
common  air  but  very  little ;  t\vo  meafures  of  com- 
mon air,  and  one  of  this,  occupying  the  Ipace  of 
little  lefs  than  three  meafures. 

At  this  time  I  made  ufe  of  the  phials  reprefented 
fig.  J,  PI.  I.  with  common  corks;  and  obferving 
that  the  corks  were  always  much  corroded  in  thefe 
experiments,  I  thought  it  would  be  proper  to  afcer- 
tain  the  efFedl  of  the  fpirit  of  nitre  on  the  cork,  in 
order  to  make  proper  allowance  for  this  circum- 
ftance  In  future  experiments.  I  therefore  poured  a 
*  quantity  of  fpirit  of  nitre  on  fome  pieces  of  cork, 
and  treating  it  in  the  manner  above-mentioned,  I 
found  the  produce  of  air  to  correfpond  very  exaftly 
with  that  which  I  had  got  from  the  charcoal.  With 
a  moderate  degree  of  heat  the  air  was  ftrongly 
nitrous  j  and  with  a  ^reat  heat  the  air  was  turbid, 
and  much  lefs  nititous.  I  was  not  a  little  furprized 
to  find  that  nitrous  air  was  produced  from  cork^  as 

it 
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it  indrely  overturned  my  fyftem  of  the  produftion 
of  this  aiTj  depending  upon  that  property  of  the 
charcoal  by  which  it  refembles  metals.  However, 
I  prefendy  found>  that  genuine  nitrous  air  was  pro- 
duced from  a  variety  of  other  bard  Jubftances ;  for 
at  that  dme  I  had  not  difcovered  that  it  was  pro- 
duced from  any  liquid  ones.  The  correlpondence 
of  an  experiment  which  I  made  with  old  dry  oak 
with  that  which  I  made  with  charcoal  is  ftriking 
enough;  and  one  of  them  may  a  litde  illuftrate 
the  other. 

I  put  about  half  an  ounce  meafure  of  the  rafp- 
ings  of  old  dry  oak  into  one  of  the  phials  above- 
mendoned,  fig.  a^  and  poured  upon  them  as  much 
ipirit  of  nitre,  half  diluted  with  water,  as  made 
them  thoroughly  moift.  Air  was  inilandy  pro- 
duced, without  the  applicadon  of  any  heat.  This 
air  1  received,  together  with  a  litde  that  was  pro- 
duced by  holdbg  the  flame  of  a  candle,  at  the 
diftance  of  about  a  quarter  of  an  inch,  from  the 
fide  of  the  phiaL  I  then  placed  the  candle  nearer, 
and  received  the  air  at  five  different  times;  the 
lall  but  one  b^ing  produced  when  the  flame  touch- 
ed the  fide  of  the  phial,  and  the  lait,  when  it  was 
placed  clofe  under  it,  and  after  all  the  moiflure 
ieemed  to  be  expelled  from  the  phial.  The  firft 
produce  was  of  the  nature  of  nitrous  air,  the  two 
next  much  more  fo,  almoft  as  ftrong  as  any ;  but 
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the  two  laft  were  hardly  nitroBS  at  all.  A  candle 
went  out  m  this  air,  burning  widi  a  blui(h  flame, 
as  if  it  had  been  in  part  a  mixture  of  inflammable, 
nitrous,  and  fixed  air.  That  part  of  this  produce 
was  fixed  air,  was  evident,  by  its  being  readily  ab- 
forbed  by  water ;  but  I  did  not  apply  to  it  the  tcft, 
of  lime  water. 

Seeing  this  aftonifliing  difierence  in  the  produce 
of  air  by  fpirit  of  nitre  from  different  fubfl^nces, 
ftnd  even  from  the  iame  fubfl:ance  in  difllerent  cir- 
cumfliances,  I  thought  that  it  might  be  pofTible, 
by  this  means,  to  diftinguifli  thofe  fubfl^nces  that 
are  nutrkious  from  thole  that  are  not ;  and,  in  my 
imagination,  I  had  thought  it  pofllble  to  afcertain 
the  quantity  of  nutrimmt  that  diflfCTent  fubflanccs 
would  yidd  by  the  quality  and  quantity  of  the  air 
produced  from  them  j  but  the  experiments  by  no 
means  anlwered  luch  fond  expeftations.  I  found, 
■however,  what  I  did  not  expedt,  viz.  a  moft  re- 
markable difference  between  the  air  produced  from 
'^ammdl  Jubftances  of  fcveral  kinds,  and  fix>m  veget- 
niles :  for,  in  general,  the  former  had  little  of  the 
nitrous  property ;  but  the  latter,  though  nutritious, 
yielded  the  lame  kind  of  air  with  that  which  I  had 
got  from  wood  or  charcoal.  The  fadts  furprized 
me  very  mtuch,  and  I  can  give  the  reader  no  clue 
to  lead  Kim  through  the  labyrinth. 


The 
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The  vegetable  fubftances  which  I  tried  were 
wheat  flour ^  barley^  and  «w//,  all  of  which  yielded 
nitrous  air  in  the  firft  part  of  the  produce,  and  air 
rf  the  lame  quality  with  the  laft  produce  from  char- 
coal, if  the  procefe  was  continued  a  long  time,  and 
with  a  ftrong  heat  I  had  once  fufpefted  that  the 
nitrous  quality  might  have  come  from  the  cork 
with  which  the  phial  was  clofed ;  but  I  was  fatif- 
fied  that  it  came  from  the  fubftance  within  the 
phial,  when,  inftead  of  a  phial  clofed  with  a  cork 
as  before,  I  ufed  one  of  thofe  reprefented  fig.  b^ 
which  I  have  obferved  to  have  been  contrived  by 
Mr.  Vaughan.  Having  put  the  barley  and  fpirit 
of  nitre  into  this  veffel,  I  heated  it  in  a  veflel  full 
of  water,  placed  on  the  fire,  covering  the  phial  with 
a  glals  jar  filled  with  water,  in  order  to  receive  the 
air.  The  jur  procured  in  this  manner  was  ftill 
flxongly  nitrous,. though  it  could  con^e  from  nothing 
but  the  Ipirit  of  nitre  and  barley. 

As  I  attended  to  a  few  collateral  circumftances 
in  the  experiment  with  the  maity  it  may  be  worth 
while  to  recite  the  particulars.  Having  juft  cover- 
ed one  pennyweight  of  malt  widi  diluted  Ipirit  of 
nitre,  I  made  it  boil,  and  procured  from  it  two 
jars  full  of  air,  each  containing  near  thirty  ounce 
meafures,  and  I  might  have  colieded  more.  That 
which  came  firft,  and  which  was  tranfparent,  di- 
miniflied  common  air  almoftas  much  as  the  ftrong* 
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eft  nitrous  ain  The  air  which  came  \2^^  and 
which  was  turbid^  hardly  diminifhed  common  air 
at  all,  and  it  was  readily  abforbed  by  water, 
^efbre  it  was  agitated  in  water,  it  extinguifhed 
a  candle;  but  afterwards,  when  it  was  reduced 
to  about  one  fourth  of  its  original  quantity,  a  can- 
dle burned  in  it  with  a  lambent  blue  flame; 

N.  B.  Towards  the  clofe  of  this  procefs,  part 
of  the  contents  of  the  phial  were  reduced  to  a 
coal. 


SECTION      VIII. 

Of  Sr  procund  hy  the  Solution  of  Animal  Suhftances 

in  Spirit  of  Nitre. 

IProfcfs  not  to  be  able  to  aflign  any  reafon  for 
the  difference  in  the  produce  of  air  from  animal 
and  vegetable  fubftances;  but  the  experiments,  of 
which  an  account  will  be  given  in  this  feftion, 
compared  with  thofe  recited  in  the  laft,  will  prove, 
that,  in  general,  there  is  a  very  confiderable  one. 

It  has  been  feen  that  vegetable  fubftances,  dif- 
Iblved  in  ^irit  of  nitre,    befides  fixed  air,  yield 
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nitro)3S  air,  and  frequently  as  ftrong  as  that  which 
is  procured  by  the  folution  of  metals  in  the  fame 
acid  i  and  this  is  the  cafe  whether  the  fpirit  of  ni- 
tre be  much  concentrated,  or  much  diluted.     On 
the  contrary,  animal  fubftances,  in  general,  treate4 
in  the  fame  manner,  yield  about  the  fame  propor- 
tion of  fixed  air ;  but  tho  refiduum  is  either  not  at 
all,  or  in  a  very  flight  degree,  nitrous  (except  in 
fome  cafes  where  the  fpirjt  of  nitre  is  very  ftrong) 
but  is  a  ku)d  of  air  which,  neither  aiFe<5tipg  com- 
mon air,  nor  being  affeded  by  nitrous  air,  but 
limply  extinguilhing  a  candle,  may  be  termed  phlo- 
gijlicated  air.     Towards  the  end  of  a  procefs,  in- 
deed, when,  by  means  of  a  ftrong  heat,  the  produce 
of  air  is  very  rapid,  and  the  air  full  of  clouds,  it 
is,  like  air  produced  from  vegetable  fubftances  in 
the  fame  circumftances,  flighdy  inflammable,  bum-^ 
ing  with  a  lambent,  greenifti^  or  bluifh  flame. 

As  thpre  is  ^  coqfiderabje  variety  jn  the  refiilt 
of  thefe  proceflcs,  arifing  from  feveral  circumftances, 
the  influence  of  which  may  not  be  apprehended^ 
I  have  been  careful  to  note  eyery  thing  relating  to 
them,  that  appeared  to  me  at  the  time  to  be  of 
any  importance.  But,  notwithftanding  this,  it  is 
very  poffible  I  may  have  made  omiflions,  of  the 
efFeft  of  which  I  was  not  apprized  i  and  therefore 
thofc  who  fhall  endeavour  to  repeat  the^  experiments 
S^er  me  may  not  find  precifdy  the  fame  refults 
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that  I  have  reported.  This  will  often  be  the  cafe 
in  experimental  inquiries  fo  new  as  thefe  $  and  a$ 
no  human  care  has  yet  been  fufficient  to  prevent 
this  inconvenience,  it  is  the  part  of  human  candour 
to  make  proper  allowance  for  it. 

I  cannot  help  fluttering  myfelf,  however,  that 
thefe  experiments,  properly  purfued,  may  be  a 
s  means  of  throwing  light  upon  the  two  great  natural 
procefles  of  vegetation  and  aninuilization  i  as  they 
exhibit  a  new  and  flriking  difference  between  fub- 
ftances  formed  by  them*  On  this  account  I  would 
willingly  recommend  them  to  the  particular  atten-» 
tion  of  chemifts  and  phyficians.  The  experiments 
themfelves,  nearly  in  the  order  in  which  they  were 
made,  are  as  follows. 

I  put  equal  quantities  of  fpirit  of  nitre  and  wa- 
ter upon  fome  pieces  of  beefy  dried  till  they  were 
perfeftly  hard,  but  without  being  burned,  and  took 
the  firft  produce  of  the  air,  which  was  generated 
without  the  application  of  heat,  and  was  vtiy  con- 
fiderable;  apd  afterwards  that  which  came  over 
when  the  flame  of  a  candle  was  placed  within  about 
a  quarter  of  an  inch  from  the  phial  i  but  neither 
of  them  fcnfibly  affedted  common  air.  They  were 
both  pretty  readily  abforbed  by  water,  and  extin- 
guifhed  a  candle.  I  had  expedcd  that  this  air, 
like  that  from  dry  WQod:^  would  have  been  nitrous 
air. 

This 
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This  experiment  being  made  with  the  flelhy 
part  of  a  mufcle^  I  next  took  a  tendon  from  a  neck 
of  veal,  imagining,  from  its  firmer  texture,  that 
the  air  produced  from  it  might  approach  nearer  to 
that  from  woods  but  the  air  that  came  from  it 
neither  diminifhed  common  air,  nor  was  diminilh- 
ed  by  nitrous  air,  nor  was  it  readily  abfbrbed  by 
water,  and  a  candle  went  out  in  it.  It  leemec^ 
upon  the  whole,  to  be  much  the  fame  thing  with 
phlogifticated  air. 

I  thought  there  might  be  fome  difference  in  this 
re/peft,  between  air  produced  from  the  wbitey  and 
from  the  brown  flefh  of  animals ;  but  I  made  the 
experiment  with  the  breaft  and  leg  of  a  turkey^ 
without . finding  any.  That  which  was, produced 
from  thefe  fubfbnces  exafbly  refembled  the  air 
that  I  had  got  from  the  tendon  of  a  calf;  except 
that  it  was  more  readily  imbibed  by  water.  I  agi- 
tated a  quantity  of  it  in  water  five  minutes,  whea 
'bne  fburA  of  it  was  abforbed,  but  the  remainder 
ftill  exdnguifhed  a  candle,  and  did  not  differ  from 
what  it  was  before,  except  that  it  was  now  dimi- 
nifhed by  nitrous  air,  like  all  other  kinds  of  air 
agitated  in  water.  When  all  the  flefh  was  difl 
foived,  air  was  ftill  produced  in  great  plenty,  upon 
the  application  of  the  flame  of  a  candle.  The 
air  produced  in  this  manner  was  very  turbid  at 
fixft  I  but  the  quality  of  it  was  not  fenfibly  different 

from 
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from  that  which  came  firft,  and  which  was  tranf- 
parent. 

I  repeated  this  experiment  with  the  fame  event, 
obferving  that  the  turbidnefs  of  the  air  depended 
upon  the  degree  of  beat  with  which  it  was  produced  i 
for,  after  producing  a  large  quantity  of  turbid  air, 
I  leffened  the  heat,  and  prefently  the  air  was  tranf- 
parent  as  at  firft,  and  on  increafing  the  heat,  the 
air  was  turbid  again. 

Having  found  no  air  of  the  nitrous  kind  frorn 
the  fleih  of  an  animal  of  the  quadruped  Ipecies,  or  of 
a  fowl,  I  was  willing  to  try  what  woyld  be  the  pro- 
duce frorp  the  flefh  of  fijhes^  infeSlSy  and  exanguious 
animds. 

From  the  flefh  o(  Jqlnfon^  made  thoroughly  dry, 
and  then  diflblved  in  Ipirit  of  nitre,  I  got  a  great 
quantity  of  air,  at  firft  without  heat,  till  the  whole 
was  nearly  difTolved ;  when  about  a  quarter  of  an 
ounce  meafure  of  this  folution  ftill  yielded  more 
than  a  quart  of  air.  At  the  laft  this  liquor,  which 
had  been  pretty  clear,  became  fuddenly  opake  j  and 
in  this  ftate  it  yielded  air  the  moft  plentifully,  an4 
continued  to  do  fo  till,  all  the  moifture  being  eva- 
porated, it  became  a  dry  coal.  While  it  continued 
clear,  a  ftrong  heat,  occafioned  by  applying  the 
flame  of  a  candle  clofe  to  the  phial,  would  imme- 
diately make  the  air  turbid,  elpecially  toward  the 
end  of  the  proccfs,  juft  before  the  liquor  became 

opake. 
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opake.  At  this  time,  however,  the  air  in  the  infide 
of  the  phial  had  nothing  of  that  appearance,  no- 
thing being  fcen  in  it  but  the  red  fames  of  the  Ipirit 
of  nitre  j  but  when  the  liquor  became  opake,  it  was 
filled  with  very  denfe  white  fumes. 

The  air,  in  all  the  ftages  of  this  experiment,  was 
in  part  fixed,  precipitating  lime  in  lime  water.  In 
the  middle  of  the  procefs  the  refiduum  was  nitrous ; 
but  only  in  a  flight  degree.  Towards  the  conclu* 
lion  it  had  no  fenfible  efieft  on  common  air ;  and 
at  Jaft  it  burned  with  a  blue  lambent  flame,  which 
continued  a  confiderable  time  after  I  had  with- 
drawn the  candle  by  which  it  had  been  fet  on  fire. 
In  the  air  that  came  juft  before  the  laft,  a  candle 
barely  went  out,  furrounded  by  a  flight  flame  of 
that  colour. 

Repeating  the  experiment,  I  found  nothing  ni- 
trous, either  in  the  firft  produce  of  air,  before  the 
flefh  was  dlfTolved,  or  afterwards  \  and  at  this  time 
I  was  particularly  careful  not  to  ufe  any  of  the  flefti 
that  was  turned  black,  or  very  brown,  in  drying  ; 
having  ibme  fufpicion  that  the  nitrous  property  of 
the  ^r  in  the  preceding  experiment  came  from 
fach  parts  of  the  flefh,  being  then  a  kind  of  char- 
coal. 

The  fkfh  of  falmon  having  a  peculiar  colour  and 
flavour,  I  thought  it  would  not  be  amifs  to  repeat 
the  experiment  with  fpme  other  kind  of  fiih,  the 

I  flefli 
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flefh  of  which. was  whhe  and  taftelefs.  I  therefore 
took  the  flejh  ofpercb^  and  difTolving  it  in  fpirit  of 
nitre»  I  procured  a  large  quantity  of  air,  no  part  of 
which  was  nitrous ;  but  a  confiderable  part  of  it  was 
fixed^  precipitating  lime  in  lijiie  water.  The  great- 
eft  part  of  this  air  was  produced  after  all  the  flefli 
was  diilblved  ;  and  at  the  laft,  when  I  increafed  the 
heat^  the  air  was  turbid ;  but  it  did  not  feofibly  differ 
from  that  which  was  produced  at  firfl,  except  that  a 
candle  went  out  m  it  with  the  flame  flighdy  tinged 
iKdth  green. 

A  large  wormj  treated  in  the  lame  manner,  yield- 
ed air  that  was  in  part  fixed,  making  lime  water 
turbid.  The  refiduum  extinguifhed  a  candle,  and 
was,  in  a  fmall  degree,  nitrous;  owing,  perhaps,, 
to  fomething  on  its  ftomach  ;  for  I  had  only  pref&d 
out  the  contents  with  my  finger. 

Air  produced  from  a  number  of  wajps^  dilTolved 
in  fpirit  of  nitre,  was  partly  fixed,  and  the  refiduum 
fo  far  nitrous,  that  two  meafuies  of  common  air, 
and  one  of  this,  occupied  the  fpacc  of  two  meafures 
and  a  half.  When  the  flame  of  a  candle  was  dipped 
into  it,  it  burned  with  a  greenifh  lambent  flame. 

I  had  next  the  curiofity  to  try  what  kind  of  air 
might  be  procured  from  the  infenfible  excrefcences  of 
animal  bodies y  as  born^  hairy  feather Sy  &c.  which  are 
protruded  from  the  body,  and  feem,  at  firft  fight, 
to  be  in  a  kind  of  intermediate  date  between  vege- 
table 
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table  and  animal  lubftances  ;  but  they  appeared  to 
be  more  of  an  animal  than  of  a  vegetable  nature, 
L  e.  judging  by  the  air  which  I  had  hitherto  found 
diofe  fubftances  to  give. 

With  fpirit  of  nitre  and  hair  I  got  a  quandty  of 
air,  part  of  which  was  fixed,  precipitating  lime  in 
lime  water,  and  the  remamder,  not  abibrbed  by 
water,  which  was  about  two  thirds  of  the  whok^ 
was  in  a  fmall  degree  nitrous. 

From  a  {raw^uill  I  got  air  of  the  fame  quality 
with  that  from  the  hair  in  the  preceding  experiment. 
This  quill  was  black  ;  and  thinking  it  polfible  (as 
die  hair  I  had  made  u(e  of  was  alfo  in  part  black) 
-diat  the  nitrous  property  of  the  air  might  come  from 
the  phlogifton  which  produced  that  colour,  I  re- 
peated the  experiment  with  a  white  feather  ;  but  the 
refiilt  was  the  fame ;  or,  rather,  the  air  in  this  cafe, 
was  more  nitrous  than  in  the  former.  Two  mea- 
fiires  of  common  air,  and  one  of  this,  occupied  the 
ipace  of  two  meaiures  and  a  half.  Had  I  ufed  a 
much  diluted  fpirit  of  nitre,  it  will  appear  probd^le, 
from  the  experiments  recited  at  the  clofe  of  this 
fedion,  that  the  produce  would  have  been  lefs  ni- 
trous. 

Air  was  eafily  procured  by  diflblving  horn  in  fpirit 
of  nitre.  Part  of  it  was  fixed  air,  precipitating 
lime  in  lime  water  ;  but  a  very  great  proportion  of 
it  was  not  abforbed  by  water.     In  this  refiduum 

5  there 
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there  was  nothing  ienlibly  nitrous.  That  which 
came  firft  extinguUhed  a  candle,  without  any  parti* 
cular  appearance ;  but  in  that  which  came  laft,  it 
burned  with  a  beautiful  blue  lambent  flame. 

I  had  thought  that,  poffibly,  the  infideofan  oyfter^ 
jbelly  or  mother  of  pearly  might,  together  with  fixed 
air,  yield  a  quantity  of  fuch  phlogifticated  air  as  had 
been  produced  in  the  preceding  experiments ;  but 
when  they  were  diffolved  in  fpirit  of  nitre,  they  each 
of  them  gave  very  pure  fixed  air,  without  any  great- 
er refiduum  than  is  found  in  the  folution  of  chalk  in 
oil  of  vitriol. 

Pieces  of  ivory  diflblved  in  a  very  beaudflil  man- 
ner, in  hot  fpirit  of  nitre,  and  yielded  a  great  quan« 
tity  of  air,  which,  in  ^very  ftage  of  the  procels,  pre- 
cipitated lime  in  lime  water.  The  refiduum  was 
not  nitrous,  and  extinguifhed  a  candle,  without  any 
particular  colour  of  the  flame. 

To  try  the  difference  between  the  fame  fubflance, 
in  a  natural  flate,  and  after  it  was  reduced  to  a  coal 
by  fire,  I  diffolved  fome  charcoal  of  ivory  in  fpirit  of 
nitre,  and  found  that  it  yielded  plenty  of  air,  the 
greateft  part  of  which  was  fixed,  and  the  refiduum 
was  confiderably  nitrous.  When  the  air  was  pro- 
duced very  faft,  the  infide  6f  the  phial  was  filled 
with  a  white  fume.  This  ivory  had  been  kept  in  a 
red  heat,  covered  with  fand,  about  an  hour. 

Eigs 
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Eggs  do  not  rank  with  the  fiibftances  above  men- 
tioned;  but  being'  the  produce  of  an  aninnal,  and 
yet  no  proper  part  of  one,  I  fhall  recite  the  experi- 
ments I  made  upon  them  in  this  place.  Both  the 
^bite  and  ^tyoUt  of  an  egg,  which  I  tried  ftparate- 
ly,  yielded  a  confiderable  quantity  of  air,  when  dif- 
folved  in  fpirit  of  nitre,  and  the  difference  between 
them  was  not  fenfible.  In  both  cafes  part  of  the 
air  was  fixed,  precipitating  lime  in  lime  water,  and 
the  refiduum  was  fo  far  nitrous,  that  two  meafurcs 
of  common  air  and  one  of  this,  occupied  the  fpacc 
of  two  meafures  and  a  half. 

It  occurred  to  me,  that,  poflibly,  other  parts  of 
the  animal,  and  the  different  zxiimd\ fecretions,  might 
yield  a  different  kind  of  air  from  that  which  the 
mufcles  had  yielded ;  and  from  the  little  that  I  have 
done  in  this  way,  I  cannot  help  thinking,  that  the 
experiments  deferve  to  be  profecuted  farther. 

From  the  crajfamentum  of  bloody  with  fpirit  of  ni- 
tre, I  got  great  plenty  of  air,  part  of  which  was 
fixed,  but  no  part  nitrous.  At  lafl  the  air  was  tur- 
bid ;  and,  as  it  is  ulual  in  this  cafe,  a  greater  pro- 
portion of  it  was  fixed  air.  Towards  the  laft  alio, 
when  the  blood  was  completely  difTolved,  the  air 
was  produced  irregularly  ;  for  after  an  interval  of 
about  a  quarter  of  a  minute,  there  would  be  a  fud- 
^en  gufh  of  about  a  quarter  of  an  ounce  meafure  of 

air  j 
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air;  but  between  thefe  intervals  the  produce  was 
equable. 

Spirit  of  nitre  put  to  tht/erum  of  bloody  immedi- 
ately turns  it  into  a  white  coagulum.  This  yielded 
le(s  air  than  moft  other  fubftances,  treated  in  the 
fame  manner.  Part  of  it  was  fixed  air,  precipitating 
lime  in  lime  water,  and  the  refiduum  was  not  nitrous^ 
and  extinguiihed  a  candle  without  any  particular  ap- 
pearance. 

Milk  was  alio  immediately  coagulated  by  a  mix- 
ture of  ftrong  fpirit  of  nitre,  and  yielded  air,  one 
third  of  which  was  fixed,  precipitating  lime  in  limp 
water ;  and  the  remainder  was  fo  far  nitrous,  that 
two  meafures  of  common  air,  and  one  of  this, 
occupied  the  fpace  of  two  meafures  and  a  quarter. 

From  cbeefe^  which  was  pretty  old,  I  got  air,  ^ 
great  part  of  which  was  fixed,  and  the  remainder 
confiderably  nitrous. 

Mutton-gravy y  with  ftrong  Ipirit  of  nitre,  gave  but 
little  air,  perhaps  twenty  times  as  much  as  its  bulk. 
It  was  in  part  fixed,  and  the  refiduum  not  fenfibly 
nitrous. 

It  has  been  feen,  in  a  preceding  fe£fcion,  that  all 
oily  mattersy  of  a  vegetable  nature,  yield  nitrous  air 
in  very  great  plenty,  and  that  the  produce  is  exceed- 
ly  rapid  ;  fo  that  many  precautions  are  neceflary  vx 
conducing  the  experiments.    On  this  account  I 

began 
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began  to  ufe  the  (ame  in  my  attempts  to  get  air 
from  Ho£s4ardy  but  found  them  to  be  altogether 
unneceflary ;  &r  this  fubftance  is  but  little  afie6ted 
by  very  (trong  and  hot  fpirit  of  nitre,  on  the  fur- 
face  of  whidi  iX:  continues  fluid,  and  yields  but  litde 
air,  perhaps  four  dmes  its  bulk.  Part  of  this  was 
fixed  air,  precipitating  lime  in  lime  water,  'and  the 
remainder  was  fo  &r  nitrous,  that  two  meafures  of 
common  air^  and  onse  of  this,  occupied  the  ipace  of 
lefs  than  two  meafures  t  that,  is,  it  was  almoft  as 
ftrongly  nitrous  as  that  Which^  is  prodixied  from 
metals* 

It  is  ibmething  remarkable^  diai^  of  all  animal 
iubfblnces  on  which  I  have  made  the  experiment, 
that  part  which  feems  to  be  the  m<^  remote  from  a 
vegetable  nature,  and  is  peculiar  to  ^mals,  fhoukl 
approach  the  nearefl  to  the  nature  of  a  vegetable 
in  the  air  which  k  yiekls  when  difTolved  in  fpirit 
offltitre.  This  is  x!b^  medulkry  fuhftance  rf  tht 
Warn. 

Fixnn  part  of  the  hram  of  a  Jbeepy  difTolved  in 
ftrong  fpirit  of  nitre,  I  got  a  quantity  of  air,  about 
half  of  which  was  fixed  air,  precipitating  Ume  m 
lime  water,  and  the  remainder  was  fb  far  nittous, 
that  two  meafures  o^cdmmon  air,  and  one  of  this^ 
occupied  the  fpace  of  two  meafures  and  a  quarter. 
When  it  was  completely  diflblved,  and  by  a  fbx>ng 

Vol-  IIL  H  heat. 
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heat,  the  air  came  over  very  turbid,  arid  a  candle 
burned  in  it  with  a  lambent  greeniih  Qame. 

I  repeated  the  experiment  with  part  of  the  lame 
brain  that  was  boiledy  and  with  the  fame  refult  \  ex- 
cept that  I  did  not  continue  the  procefs  {q  long^ 
The  refiduum  of  this  air>  when  the  fixed  air  was 
wafhed  out  of  it,  was  fo  much  nitrous,  that  two 
meaiures  of  common  air^  and  one  of  this>  occu- 
pied the  (pace  of  two  meafures  and  one  fifth.  This^ 
I  tried  with  the  laft  of  the  three  portions  of  air  that 
I  took.  The  firil  aitd  iecond  were  not  fb  highly 
nitrous  \  and  yet  I  am  confident  that  all  the  three 
portions  were  wholly  the  produce  of  the  fblution^ 
both  the  phial  and  the  tube  being  filled  with  bub-* 
bles,  in  the  &rm  of  froth,  before  I  took  any  air 
at  all. 

After  I  had  made  thefe  experiments,  it  occurred 
to  me,  that  poffibly,  this  difference  in  the  produce 
of  air  from  vegetable  and  airnmal  fubftances  might 
arife  from  fbme  difference  in  the  ipirit  of  nitre.  Bur> 
diough  I  found  that^  in  coniequence  of  the  acid  be* 
ing  more  concentratedi  or  more  diluted  with  wa- 
ter, a  real  difference  was  occalioned  in  the  ah", 
ftiU  very  much  depended  upon  the  fubftances^ 
themfelves,  as  will  appeal*  from  die  follo?ring  ex« 
perimentfi. 

A  pkce 


A  piece  of  boiled  mutimy  difTolVed  iti  veif  llrong 
Ipirit  of  nitre,  yielded  air,  which  Ai^as  partly  fixed^ 
with  the  refiduum  fo  far  nitrous,  that  t*o  meafurfei 
of  common  air,  and  oHe  of  this,  occupied  the  fpac^ 
of  two  meafures  and  one  third!  DifTolving  a  quan-^ 
tity  of  the  fame  nltitton,  in  the  fame  fpirit  of  nitre, 
diluted  with  aft  equal  quantity  of  diftUled  water,  t 
procured  air,  which  was  not  half  fo  much  nit^oili 
as  that  in  die  preceding  experiment.  With  thtt 
fame  refult  I  alfo  made  this  experiment  with  the 
white  of  an  egg,  which  gave  air  much  lefs  nitrous 
when  difTolved  in  a  diluted  fpirit  of  nitre^  than  in 
the  former  caiCk 

In  order  farther  to  fatisfy  mylelf,  whetlier  thi 
refult  would  not  be  the  fame  with  vegetable  fub-*- 
ftances  alfo,  I  took  feme  pieces  of  very  dry  old  oaki 
and  difiblved  them  in  exceedingly  weak  Ipirit  of" 
nitre.  I  idfo  caufed  the  air>  by  means  of  heat,  to 
be  produced  very  rapidly  j  in  which  cafe  the  air 
it  generally  lefs  nitrdus,  at  leafl  toward  the  clofe 
of  an  experiment^  as  the  reader  will  Have  ob- 
lerved:  but  when  the  fixed  air  was  wafhed  out 
of  it,  the  refiduum  was  almoft  as  ffa-qngly  nitrous 
^  any  air  timt  is  produced  by  the  folution  of 
metals. 

Ox  gall  dried  difTolves  in  idie  nitrods  acid  with  ii 
fhuch  rapidity  as  vegetable  aftringeht  fiibftances^ 

H  a  ^nd 
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and  yields  great  plenty  of  nitrous  air  $  whereas  ani- 
mal fubftances  in  general  yield  only  phlc^fticated 
air>  with  a  mixture  of  lambendy  inflammable  air^ 
by  the  fame  treatment.  Now  it  is  remarkable  that 
the  gall  is  fecreted  from  the  venal  bloody  which,  ac- 
cording to  my  theory  of  the  ufe  of  the  blood  in  re- 
fpiration,  is  then  loaded  with  phlogifton ;  while 
other  fecretions  are  made  from  the  arterial  blood, 
which  has  difcharged  its  furplus  of  phlogifton. 


SECTIO-l*      IX. 

•    Of  the  depbkgiftUated  Nitrous  Vapour^, 

I.N  my  early  publications,  I  laid  I  had  no  doubt . 
but  that  the  nitrous  acid  might  be  exhibited  in 
the  form  of  air,  and  that  experiments  rnight  be 
made  upon  it  with  a  great  proipeA  of  making  con- 
fii^erable  difcoveries,  provided  that  any  fluid  liib- 
ftance  could  be  found  capable  of  confining  it.  I 
have  fince  made  feveral  attempts  to  diveft  this  acid 
of  the  water  with  which  it  is  generally  combined ; 
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b\it  though  I  have  been  favoured  by  fome  uncxpeft- 
cd  circumftances,  I  have  been  far  from  fucceeding 
to  my  wilh. 

That  this  acid  is  capable  of  exifting  in  this  dry 
form,  I  prefendy  fatisfied  myfelf  by  an  attempt  to 
expel  air  from  it,  by  the  lame  procefs  by  which  I 
had  before  expelled  the  marine  acid  air,  from  fpirit 
of  fait ;  viz.  by  heating  the  fluid  in  a  phial,  and  re* 
ceiving  the  air  in  <juickfilven  For  though  the  acid 
vapour  very  foon  united  with  the  quickfilver,  yet 
the  jar  in  which  it  was  received  being  narrow,  the 
faline  cruft,  which  was  formed  on  the  lurface  of  the 
quickfilver,  impeded  the  afbion  of  the  acid  upon  it, 
rill  I  had  an  opportunity  of  admitting  water  to  the 
air  that  I  had  produced,  and  of  fatisfying  myfelf, 
by  its  abfbrption,  of  its  being  a  real  acid  air,  hav- 
ing an  afiinity  with  water,  fimilar  to  other  acid 
airs. 

In  the  firft  experiment  that  I  made  of  this  kmd, 
the  rednefi  of  the  air  did  not  appear  immediately  ; 
but  after  fome  dme,  when  it  might  be  prefumed 
diat  the  nitrous  vapour  had  produced  nitrous  air,  by 
a  folurion  of  the  quickfilver ;  and  the  redneis,  I  fup-* 
pofe,  to  have  been  the  efFeft  of  the  mixture  of  this 
newly-generated  nitrous  air,  with  that  portion  of 
common  air,  which  had  been  contained  in  the  up- 
per part  of  the  phial,  and  which  had  been  es^pelled 
by  die  acid  vapour.     I  did  not  admit  water  to  this 
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jur  till  after  an  hour  ;  and  even  tH^n  it  was  {cnGblf 
diminifticd,  fome  of  the  acid  ^r  not  having  beeni 
feized  by  the  quickfilver.  The  laft  time  that  \ 
made  this  experiment,  in  which  I  produced  about 
two  ounce  meafqres  of  air,  I  admitted  water  to  i?* 
as  quickly  as;  I  could,  ^4  thep  op?  third  of  th^ 
whole  was  inihibed  by  it. 

In  my  account  of  the  procefs  to  proc^e.  ^cphla- 
gilticated  air  from  calcined  flint,  and  alfo  from  talck, 
J  have  obferved  that  between  the  produce  of  the 
phlpgiflicaced  ^nd  d^phlQgifticated  air,  there  is  a 
confiderJib|c  interval,  n\  which  nothing  comes  over 
^ut  tt^e  pure  vapour  of  the  acid,  which  is  inflandy  and 
whoUy  imbibed  by  water.  This  circumftance  gave 
pe  a  fine  apd  unexpeded  opportunity  of  making 
jTonoe  experiments  qpon  this  vapoyr.  for  th?  ori-r 
fice  of  the  tybe  through  which  it  was  tranfmitted 
being  plunged  in  water,  and  bending  confiderably 
upwards,  I  coyld  ea(ily  put  oyer  it  pbials  filled  with 
any  Hind  of  air  that  could  bear  tq  be  confined  by 
water ;  and  the  end  of  the  tube  rifing  a  confiderable 
way  within  the  phial,  the  vapour  muft  neceilarily 
come  into  imnriediate  ^ontaft  with  the  ^ir  contained 
in  it. 

The  firft  experiment:  that  I  made  upon  this  va-. 
pour,  in  thcfc  circumflances,  was  with  nitrous  air^ 
fmd  it  appeared  to  have  the  fame  eflfedt  upon  it  tha^ 
^,^  ^Jeen  produced  by  liver  of  fulphur,  viz.  dim'u 
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niftiing  it  till  it  was  no  more  capable  of  affeding 
common  air  j  and  the  operation  was  exceedingly 
quick.  Indeed  the  whole  progrefs  of  this  experi- 
ment is  not  a  little  remarkable.  The  moment  that 
the  phial  of  nitrous  air  was  expofed  to  this  vapour, 
it  became  white,  then  tranfparent,  then  red  ;  and, 
laftly,  tranfparent  again.  I  took  one  quantity  of 
this  air,  when  the  whitenefe  had  juft  gone  off;  and 
found  that  it  was  but  little  different  from  pure  ni- 
trous air,  diminifhing  common  air  almcrfl  as  much. 
Taking  another  phial  when  it  was  quite  red,  one 
third  of  the  quantity  had  difappeared,  and  its  power 
of  diminifhing  common  air  was  about  one  half  of 
what  it  had  been.  J  then  let  another  phial  remain 
expoled  to  this  vapour,  till  I  perceived  that  the  di- 
minutioa  would  go  no  farther  i  when  only  one  twen- 
tieth of  the  original  quantity  remained,  and  this  did 
not  aficft  common  air  at  all. 

When  this  procefs  is  quick,  that  is,  when  the  ni- 
trous vapour  come3  very  fafli  the  whitenefi  preced- 
ing the  rednefi,  on  mixing  the  nitrous  vapour  with 
the  nitrous  air,  can  hardly  be  perceived,  and  the 
veflel  containing  the  air  becomes  exceedingly  hot, 
as  well  as  the  ti)be  through  which  it  is  tranihiitted 
J  obferved  that  the  veflel  containing  nitrous  air  con- 
tinued exceedingly  red  for  about  a  minute,  without 
^ny  vifiblc  change  of  dimenfions  in  the  air  i  after 
^hich  it  was  fuddenly  diminifhed  to   about  one 
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fourth  of  its  original  quandt7>  which  refembles  the 
procefs  of  the  clFervefcence  of  iron  filings  and  fid- 
phun 

I  expofed  to  this  nitrous  acid  vapour,  eommim  a^^ 
inflammable  air,  ^tA  fixed  air,  and  all  of  them  for  a 
conTiderable  time,  without  making  the  leaft  leniible 
alteration  in  any  of  them.     It  is  poffibk  that  a  lon- 
ger continuance  of  the  procefs  might  have  afiefbed 
them ;  but  a  great  deal  lefs  time  was  abundandy 
fufEcient  for  this  acid  vapour  to  produce  its  utmoft 
efFedt  upon  nitrous  ain     It  fhould  feem,  therefore, 
that  though  this  acid  vapour  contained  phlogifton 
enough  to  phlogiflicate,  prefendy  and  completely^  a 
quantity  of  nitrous  air,  it  does  not  contain  enough 
to  phlogifticate  common  air,  at  leaft,  that  it  re- 
quires either  more  time  to  tfk&.  this  purpofe,  or  a 
different  mode  of  application. 

As  phlogifton  had  pi:oduced  no  efie^  upon  fixed 
air,  except  in  one  particular  cafe,  viz.  from  the  ef- 
fervefcence  of  iron  filings  and  (ulphur,  I  did  not  ab- 
^lutely  expedt  that  it  would  have  been  afieded  in 
thefe  circun[)jftances.  Beli<^s^  I  only  expded  the 
fixed  air  to  this  vapour  a^  it  was  expelled  from  the 
phial  by  the  flame  of  a  candle,  when  the  vapour 
is  not  fo  cc^ous  as  when  it  is  expelled  by  a  ftrong 
land  heat,  &rrounding  the  whole  phial  placed  in  a 
crucible^ 


In 
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In  the  ccHirfe  of  the  experiments,  I  thought  I  few 
reafon  to  conclude  that  the  nitrous  acid  air  is  na- 
turally tohwrUJs,  like  the  other  acid  air3.  For  I 
obierved  that,  though  the  infide  of  the  phial,  and 
alio  of  the  tube,  was  very  red,  during  the  tranf- 
milfion  of  both  the  phlogifticated  and  dephiogifti- 
cated  air,  yet  that  in  the  intermediate  ftate,  when 
the  pure  acid  came  over,  all  the  infide  of  the  phial 
was  tninfparent;  or  if  there  was  any  fenfible  colour, 
it  was  of  a  whitifti  caft.  At  the  fame  time  it  was 
obfcrvable,  that  this  acid  vapour,  mixing  with  any 
other  kind  of  dr,  produced  a  red  colour.  As  there 
was  this  rednefs  in  inflammable  air,  and  other  kinds 
of  jur,  for  fome  time  after  this  vapour  was  admitted 
to  them,  and  they  afterwards  became  tranfparent^ 
I  expe£ted  that  fome  alteration  would  have  been 
made  in  them,  but  I  was  difeppointed.    . 

I  would  here  obferve,  that  the  young  operator 
ought  to  be  very  cautious  in  conducing  this  pro- 
cefs,  and  efpecially  to  take  care  that  the  tube  through 
which  this  acid  vapour  is  tranfmitted  be  fufficiendy 
wide  J  by  which  I  mean  that  the  hollow  part  of  it 
ihould  be  about  one  tenth,  or  one  twelfth  of  an  inch 
in  diameter.  When,  at  one  time,  I  was  fo  incau- 
tious as  to  make  ufe  of  a  tube  much  fmaller  than 
this,  almoft  capillary,  fome  particles  of  the  flint,  as 
I  fuppole,  got  into  it,  and  flopped  it  up.  How- 
ever, there  was  a  violent  explofion  of  the  phial,  and 
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of  all  its  contents,  by  which  I  was  expofed  to  fomc 
danger ;  but  providentially,  at  this  lime,  as  upon 
many  other  occafions,  I  efcaped  wirfiout  any  hurt. 
But,  in  fuch  a  kind  of  bufinefs  as  this,  nothing  can 
be  expeftcd  to  be  done  withPMt  fucfi  rifque§. 
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SECTION      X. 

4n  Account  ef  fome  Experiments  made  in  ConfequencB 
rf  an  Attempt  to  confine  the  Nitrous  Acid  Vapour 
iy  Means  of  Animal  Oils^ 

MY  readers  will  cafily  rccolleft,  from  nny  for- 
mer publications  on  the  fubjcft  of  air,  that 
my  greateft  dejideratum  was  to  exhibit  the  ni^ 
trous  acid  in  the  form  of  air,  after  having  exhi- 
bited fome  other  acids>  and  the  alkaline  principle, 
in  that  manner ;  which  is  fo  exceedingly  convenient 
for  a  chemical  examination  and  analyfis.  Since 
the  idea  firft  occurred  to  me,  I  have  never  once 
loft  fight  of  it  J  being  well  aware  of  the  unlpeak- 
sblc  importance  of  it  in  ftich  inveftigations  a^  I 
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have  been  engaged  in  y  and  the  farmer  I  have  car^ 
ried  my  refearches,  the  more  important  is  the  part 
that  I  find  this  acid  to  a£t  in  the  fyftem  of  na- 
ture. 

A  great  part  even  of  my  firft  publications  on 
this  Ibbjeft  related  to  nitrous  air,  into  which  this 
gcid  principally  enters ;  the  obfervations  contained 
in  my  fecond  volume^  exhibited  this  acid  in  a  much 
greater  variety  of  modifications,  as  being  equally  a 
principal  ingredient,  both  in  the  moft  noxious  and 
the  moft  wholejfome,  the  moft  pure  and  the  moft 
impure  of  all  the  kinds  pf  air^  ^d  my  cxperi- 
ment$  and  obfervations  relating  to  the  fame  acid 
fnade  no  lefs  a  figure  in  my  fubfequenc  pub-r 
lications*  And  ftill  the  fubje£t  is  fo  iar  from 
being  exhaqfted,  that  al)  that  has  been  hitherto  in- 
yeftigat^d  ieeips  to  be  npthing  more  than  an  open- 
ing tp  foii^ething  much  greater  than  any  thing  that 
YtC  yet  know  9ongerning  it.  But  I  hope  that  we 
have  zcce&  to  it  now  in  fb  many  different  ways, 
(h^t  our  nearer  approaches  ^ilj  be  qiuch  facili- 
tated. 

My  fiift  pbje6t,  as  a  thing  neceffary  to  all  the 
feft,  was,  as  I  have  faid,  to  contrive  how  to 
exhibit  the  nitrous  acid  in  the  fomi  of  air,  free 
from  any  combination  with  water,  and  unmixed 
with  any  other  kind  of  air  j  in  order  to  wliich  it 
yyas  qeqeflSuy  to  confine  it  by  fpmc  fluid  fubftance, 

with 
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yvi^  which  it  had  no  afEnicy,  as  I  had  been  able  to 
io  with  rcfpeft  to  Other  kinds  of  air,  by  means  of 
water  or  quickfilrer  j  in  order  that  I  might  intro^ 
duce  whatever  fubftances  I  pleafed  into  this  air> 
through  that  fluid;  that  their  affinities  with  this 
air  might  be  examined,  with  the  fame  eafe  and 
convenience  that  I  have  been  able  to  do  in  other 
fimilar  cafes.  But  I  believe  there  is  no  fluid  Jub-^ 
fiance  in  nature,  with  which  the  nitrous  acid  will 
not  readily  combine,  fb  as  to  be  abforbed  by  it. 
But  though,  on  this  account,  I  have  not  been  able 
to  lucceed  to  my  wifli,  I  have  had  fuch  other  re- 
fources,  that  my  endeavours  have  not  been  wholly 
without  iuccefs;  havbg  been  able  to  exhibit  the 
nitrous  acid  m  the  form  6f  air,  and  without  wat-er^ 
and  to  keep  it  in  this  ftate  as  long  as  I  pleaie,  but 
not  without  a  mixture  of  common  air,  and  loaded 
with  phlogiftoa  My  dejiderata  now  are,  to  fe^ 
par  ate  the  phkpfton  from  ity  and  intirely  to  exclude 
the  common  air. 

In  an  early  period  of  my  experiments,  I  was  not 
without  hopes  of  being  foon  in  pofleflion  of  fuch 
a  fluid  fubfl:ance  as  Would '  fully  anfwcr  the  ^views 
above-mentioned  J  expefting,  as  I  then  fuggeflicd, 
that  fome  of  the  animal  oik  would  fufficiently  con- 
fine  ,  the  nitrous  vapour.  But  in  this  hope*  I 
found  myfelf  altogether  difappointed  j  this  vapour 
being,  in  faft,  no  more  capable  of  being  confined 

by 
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by  theie  oils^  than  by 'any  other  fluid  fubfliance 
whatever.  However,  as  the  degree  of  fucceis  I 
met  with  was  in  confequence  of  my  iinfuc- 
cefsful  attempts  to  gain  my  point  in  this  way,  and 
the  experiments  that  I  made  for  this  purpofe  are 
in  themfelves  curious,  and  of  fome  importance,  I 
ihall  begin  this  part  of  my  narrative  with  an  ac- 
count of  them. 

Hoping  that  whale  oily  which  is  a  cheap  article, 
ipight  ferve  my  purpofe  of  confining  the  nitrous 
acid  vapour,  as  well  as  any  other  animal  oil,  I 
imagined  that  I  had  only  to  contrive  how  to  raife 
this  vapour.  Merely  heating  the  acid,  I  had  found, 
would  not  anfwer  i  and  therefore  fome  more  power- 
ful means  was  neceflary  to  ieparate  it  from  its  wa- 
ter, and  expel  it  in. the  form  of  air.  Now,  refled- 
ing  upon  the  exceedingly  rapid  foludons  of  feveral 
of  the  metals  in  this  acid  '(hx>ngly  concentrated,  or 
with  a  mixture  of  a  very  litde  water,  and  the  phe- 
nomena attending  the  receiving  of  the  air  fo  pro- 
duced in  water  (when  I  had  obierved  very  large 
l)ubbles  to  ilTue  from  the  end  of  the  tube  that  tranf- 
mitted  die  air,  but  exceedingly  fmall  ones  riling 
to  the  top  of  the  jar)  I  caught  the  hint  of  getting 
nitrous  vapour  by  this  means.  For  the  krge  bub- 
bles, I  was  well  fatisfied,  muft  have  been  the  niirms 
acidU/elfin  the  form  of  air,  but  prefendy  abforbed 
by  water  s  while  the  fmall  bubbles  were  the  nitrous 
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Mr  which  was  the  proper  produce  of  the  folutioii } 
the  heat  attending  the  folution  having  been  the 
means  of  expelling  a  great  quantity  of  fuperabun-*- 
dant  acid,  along  with  the  ain  By  fome  rapid  fo- 
lution of  this  kind,  therefore5  I  was  fure  to  get  a 
tery  great  proportion  of  nitrous  vapour^  though 
mixed  with  a  little  nitrous  air,  (ot  which  I  Ihould 
have  to  make  an  allowance. 

With  thefe  ideas,  having  confiderable  hope,  but 
not  without  fome  fear  of  difappointment,  I  filled  i 
number  of  fmall  j^rs  with  my  whale  oil,  and  placed 
them,  inverted,  in  a  bafon  of  the  fame^  eka£tly  ^ 
I  had  been  ufed  to  do  with  quicldilver,  for  thofe 
kinds  of  air  that  are  capable  of  being  confined  by 
it :  and  having  a  fmall  quantity  of  ftrong  nitrous 
acid  in  one  of  my  phials,  with  a  ground  ftopper 
and  tube,  I  dropped  my  lump  of  bifmuth  into  it^ 
pouring  after  it  a  fmall  quantity  of  water,  to  pro^ 
mote  the  folution,  and  eagerly  expected  the  events 
But  alas!  nothing  followed,  but  exadUy  fuch  ap- 
pearances as  I  had  before  ieen  in  water.  For 
though  the  prodigioufly  large  bubbles^  which  ifTued 
in  torrents  from  the  orifice  of  the  tube  communis 
eating  with  the  phial,  were  not,  indeed,  fo  quickljr 
abibrbed  as  they  had  been  in  water,  they  were  pre- 
iendy  contrafted  in  their  dimenfions,  and  were  re^ 
duced  in  bulk  fo  much,  as  not  to  exceed  that  of 
the  heads  of  finall  pins  before  they  reached  the  top 
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of  die  jar.  I  then  found  that  the  proper  nitrous^ 
vapour  was  abforbed  by  the  cil  as  it  had  been  be- 
fore by  the  water ;  and  that  all  the  permanent  air 
that  I  got  in  this  way  was  the  fmall  quantity  of 
nitrous  air  which  the  folution  yielded* 

Several  circumftances,  however,  attended  this 
experiment,  which  ftruck  me  very  much  at  that 
time,  and  were,  indeed,  then  altogether  inexplicable 
to  me;  though  later  experiments  have  made  the 
theory  of  them  pretty  eafy.  I  fhall  mention  them 
as  they  prefented  themfelves^  with  the  explanations 
that  have  occurred  to  me  fince* 

The  firft  vifiblc  efifeft  of  die  admiffion  of  this 
mixture  of  nitrous  vapour  and  nitrous  air  to  the 
oil,,  was  the  beating  of  it  exceedingly,  and  turning 
it  green.  But  when  it  had  ftood  to  cool  it  became 
redy  and  coagulated ;  and  when  mixed  with  other 
oil  it  feparated  from  it,  and  funk  to  the  bottom, 
cxa<5lly  like  the  ice  of  oil,  and  continued  there^ 
without  mixing  with  the  reft  of  the  oil. 

But  what  ftruck  me  moft,  and  was  a  circum- 
ftance  wholly  unexpe£bed  by  me,  was,  that  when 
I  had  thrown  out  all  the  nitrous  air  that  had  been 
produced  in  the  procefs,  and  had  filled  the  phials 
dgain  with  the  oil  only,  air  kept  iffuing  from  every 
part  of  it  very  coploufly ;  fo  that  in  a  Ihort  time 
a  confiderable  quantity,  not  lels  than  one  fourth  of 
the  contents  of  each  jar,  was  feparated  from  it,  ex« 
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pclling  an  equal  bulk  of  oU.  When  the  jars  were 
left  in  a  cool  place,  and  confequendy  the  whole 
mafs  of  oil  was  coagulated,  this  proce&  was  necef« 
larily  at  a  (land ;  but  when  I  brought  the  jars  near 
the  fire,  fo  as  to  liquify  the  oil,  the  difcharge  of  air 
was  refumed,  and  went  on  as  brifldy  as  before. 

As  I  could  not,  immediately  upon  feeing  this 
phenomenon,  form  any  idea  of  the  nature  of  this 
air,  and  it  required  fome  time  to  colkd  a  quan- 
tity of  it,  fufficient  for  a  fatisfadory  examinadon  of 
its  properties  $  I  kept  viewing  this  produ£tion  of 
air  with  a  confiderablc  degree  of  ilirprize  and  anxi* 
ous  expe£btion.  Among  other  things,  I  thou^t 
it  poffible  that  this  might  be  the  very  mtnms  acid 
air  that  I  had  been  fo  long  in  queft  ofy  eicaping 
from  the  oil,  which  had  beeii  over*faturated  with 
it,  like  water  (Irongly  impregnated  with  fixed  air ; 
and  that  thus,  in  this  moil  unexpected  manner^  I 
was  in  pojQTefllon  of  all  my  wiihes. 

With  this  idea,  the  firft  thing  that  I  tried,  as 
fbon  as  I  had,  by.  putting  all  the  fmall  quantities 
together  (which  I  could  do  in  a  trough  of  oil  that 
1  had  prepared  for  the  purpofe)  gotten  enough  for 
the  experiment,  was  to  mtroduce  to  it  a  quannty  of 
alkaline  ain  But  there  was  no  appearance  of  any 
thing  like  a  white  cloud  procured  by  mixing  them  s 
fo  that  it  couki  not  have  been  any  pure  acid  va- 
pour^ and  confequently  that  hope  was  entirely  blafb- 

cd. 
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ed.     I  alfo  found  that  this  air  was  not  abibrbed 
by  water,  as  a  nitrous  vapour  would  certainly  have 

been. 

I  then  concluded  that  this  muft  be  nitrous 
asTy  with  which,  as  well  as  with  the  nitrous  va- 
pour, this,  oil  had  been  fitturated;  but  on  admit- 
ting to  it  a  proper  quantity  of  common  sdr,  there 
i¥as  neither  any  rednefs,  or  diminution  of  bulk, 
produced.  I  then  imagined  that  it  might  poffibly 
be  if^ammaUe  air  $  the  phlogifton  of  the  oil,  as 
well  as  of  the  nitrous  air,  and  nitrous  vapour, 
Jiaving  contributed  to  it;  but  it  extinguifhed  a 
candle.  And  finding  at  the  fame  dme  thac  it  did 
not  make  lime  water  turbid,  it  appeared  to  be,  ia 
&&y  mere  phlogifticated  ain 

The  manner  in  which  this  air  was  produced  by 
this  proce&,  and  which  I  did  not  underftand  at  the 
ume  that  I  firfk  obferved  it,  is,  in  fhort,  this. 
All  oils  readily  decompofe  nitrous  air,  as  well 
as  imbibe  nitnnis  vapourj  and  in  all  cafes  in 
which  nitrous  air  is  decompofed,  it  is  reduced  to 
the  ftate  of  i^ogifticiated  air.  But  flill  I  am  en- 
tirely at  a  lofs  to  account  for  the  produdion  of  fuch 
a  quantity  of  this  air  .fmn  the  oil  thus  impreg-- 
nated,  after  the  nitix)us  air  produced  by  the  fblu-» 
tion  of  the  metal  had  been  thrown  out;  confider*-' 
ing  that  it  is  only  a  very  fmall  proportion  of  nitrous 
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air  that  any  fluid  fubiiance  can  be  made  properly 
CO  imbibe ;  whereas  tkis  pblogifticated  air  was  fufi- 
ficiem^  in  qiiantity^  to  have  been  the  refiduum  of 
ten  times'  as  nnnach  nitrons  air  as  the  qQandiy  of  all 
tshe  oil  ufed(m  the  experiment.    This  produdion  of 
^hiogifticated  air  fcom  oil  wHl  be  feen  exe&ly  ta 
feiemble  the  produdion  o^  a  ftill  greater  prq)or^ 
,ciofi  of  nitrotft  air  from  water^  treated  in.  ite  y^ 
&me  manner ;  but  dien  I  am  not  able  tD  acxount 
for  one  of  the  &fts  any  betdsr  than  the  other. 
.    N.  B*  When  I  made  a  quantity  of  alkaline  ak* 
\12Sk  d\rough  this  oil  fhturatedi  with  nitrous  ^qxnuv 
in  oitler  to  mix  it  wkh  the*  air  whidi  had  ifibed 
fi'om  i^  the  oilj  from  being  led^  became  almoft 
quite  black. 

Aftef  this  I  impregnated  all  die  lands  olf  oil 
with  nitrow  vapour,  but  in  a  manner  ^ifieoenc 
from  diisy  and  I  flialLgive  an  account  of  die  eSe£b 
of  thi$  impregnadon>i  which  are  fiifficiently  renaark* 
able,  in^  a  fiituse  lefidon,  appropriated  so-  tfastt  piM> 
pofe. 

Thus  ended  my  ficft  atnmpt  to  pr^>cute'  nkrous 
acid  air ;.  fiiiitlelsi  indeed^  wi«h  refped  to  my  prin- 
cipal objefi;,  but  not  qpte  ufeiefif  in  itiel^  and 
preparing  the  way  for  fuck  a  d^rer  of  iucoels  at 
I  ham.  fina  met  with. 

*  ■  • 
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B1&)^G  cU&i^iat^  as  has  been  (ben,  ia  my 
eifpe^jljtiops  ol*  confiivQg  tb^  niqo^p  acicl  va> 
pour  djr  ^pwMi/  oi}st  it  .09001^  to  m^  ^at,  in  jtiey 
^ty^y  )t  mj^t  not  ^  wbdly  withpvt  its  v^,  iif 
I  c«)ikil>  Amc  vp.  thii^  vai^Nir  ^  ^  glais  pb«>l% 
if^  grouad  ^opptrs.  And  t]^o|ugb^  in  tUs  me-r 
d)^  «f  procur^  ^  by  the  ^hitioa  of  bifanutl^ 
f r  q(^  ^b^  wish  Mfhic^i  k  unke*  m^ft  rjpidfy, 
ll«5e  ¥  «»KSfly>3?  »  ?aff«u^9  of  wfrow  «r,  it  i^ 

«»??««  W!PW  »^  Ani*  thosigh  a  npj^xture  of 
f«8«w«  «r  ^9  wo«ii^  ne9efl^y  «?»W  in  tha 
iSm^  *t?osiW9fte^Fep  dilute  ^  a«id  vaeour, 
»»4  «o4i  Ofi?.  n^SFn?%  «*«  tlVi  properties  of  it. 
Alfo*  .ilf  4fi  W»tflft  9f  ^  |J^  ^cre  fmaU,  thcjr 
«P#^  J?^  9Pfipe^  a^  vwJQW  ^i^?fffx^  knitted 
*  ?N?Tf«P»F,  iwi^t  nw!chi9^  of  ^h?  aci^^  «§«-. 

^!^^W  *»a  ^5jflft<«B  air. 

I  2  Being 
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Being  obliged  to  content  myfclf  with  thefc  mo- 
derate views,  I  prefendy  thought  of  an  eafy  method 
of  putting  my  defign  into  execudon.  This  was  by 
making  the  folution  in  a  tall  phial,  that  there  might 
be  room  for  the  ebullition  of  the  acid,  without  any 
danger  of  its  being  thrown  out ;  and  having  the 
tubp,  through  which  the  vapour  was  tranfmitted^ 
bent  downwards,  in  order  to  be  inferted  into  th« 
mouths  of  the  phials  that  were  to  receive  the  va- 
pour. This  contrivance  perfeftly  anfwered  my 
puipofe.  For  I  foon  found  that  as  the  folution 
was  fo  very  rapid,  and  confequendy  the  produdiion 
of  nitrous  vapour  in  this  procefs  exceedingly  copi- 
ous, I  could,  by  placing  a  number  of  dry  phials  in 
a  line,  fill  them  all  with  this  red  vapour  in  the  fpace 
of  a  few  feconds ;  dofing  Ibme  of  them  while  I 
was  filling  others ;  and  when  this  was  done,  I  could 
either  keep  the  phials  filled  with  the  vapour  itfelf^ 
as  long  as  I  pleafed,  or  put  into  them  fuch  fub^ 
ftances  as  I  intended  to  imbibe  the  vapour.  Or, 
if  I  thought  proper  to  do  fo,  I  could  firft  put  thofe 
fubHances,  whether  folid  or  liquid^  into  the  phials^ 
and  then  throw  a  flream  of  vapour  upon  them. 

Though  this  vapour,  in  the  manner  in  which  I 
procured  it,  was  always  red,  I  have  litde  doubt  but 
diat  the  nitrous  acid  itfelf,  diverted  of  every  thing 
foreign  to  it,  is  as  tranfparent  as  the  other  acids. 
But  in  this  procefs  it  o^ceflarily  acquires^  and  car^ 
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ries  off  with  it,  a  great  portion  of  phlo^fton,  from 
the  metals  that  it  has  diflblved.  And  other  ob* 
iervations  fhew  that  it  is  only  when  the  nitrous 
acid  becomes,  in  fbme  meafure,  phlogifticated,  that 
it  afiumes  a  deep  orange  colour ;  and  that  the  leis 
phl<^ifton  it  has,  the  paler  it  always  is. 

When  a  phial  is  filled  with  this  red  vapour  from 
Ipirit  of  nitre,  and  clofed  with  a  ground  ftoppcr, 
or  when  it  is  confined  in  glafs  tubes  hermetically 
iealed  at  both  ends,  which  I  have  frequendy  done, 
it  will  continue  red  I  do  not  know  how  long ;  but 
I  have  kept  it  many  months  in  this  ilate,  and  ima* 
gine  it  will  never  change  its  colour,  except  in  con- 
fcquencc  of  phlogifticating  the  common  air  con- 
tained in  the  phial;  when  the  phlogiflion,  which 
occafions  the  rednefs  of  this  vapour,  quits  it,  and 
lofes  its  colour,  by  being  incorporated  with  com- 
mon air,  as  will  be  feen  preiendy. 

The  change  of  colour  given  to  this  vapour  by 
heat  is  not  a  litde  remarkable,  for  it  is  altogether 
independent  of  gravity  or  condenlation.  In  order 
to  make  Ibme  experiments  of  this  kind  to  proper 
advantage,  I  procured  a  glafs  tube,  three  feet  long^ 
and  about  an  inch  wide,  clofed  at  one  end,  and 
fitted  with  a  ground  ftopper  at  the  other.  This 
tube  I  eafily  filled  with  red  vapour,  in  confequence 
of  its  being  much  heavier  than  common  air$  and 
clofing  the  open  end  with  the  ftopper,  I  obferved, 

I  3  that 
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fliat  that  "part  of  the  tube  which  I  held  in  ftny  hand 
teas  manifeftty  of  a  deeper  colour  than  any  other 
part  of  it.  On  this  I  held  one  end  of  it  to  the 
fire,  tod  found  that  that  end  grew  mdft  intcnfely 
ted,  three  or  four  times  more  fo  than  Ac  reft  of 
the  tube.  The  direction  in  which  the  tube  was 
held  made  ho  difference  v^ith  refpeft  to  the  red  part 
of  it;  the  part  that  was  hotteft  being  alwdys  of  the 
^epeft  colour,  whether  it  was  held  upwards  6r 
downwards;  fo  that  whether  the  heated  vapotjr 
iafcended  or  defcended,  it  did  not  retain  its  colour 
in  the  fmalleft  degree,  after  it  had  been  pppofite  to 
the  heated  part  of  the  glals. 

That  this  extraordinary  rednefi  Was  nOt  occa^ 
feoned  by  the  vapour  being  ttiort* rarefied  in  that 
particular  plafce,  appeared  by  the  whble  tube  af- 
luming  Ae  lame  deep  red  colour,  1^'hen  die  wtiole 
length  of  it  was  niade  equally  hot :  for  the  Vapotir 
being  clofcly  confined,  the  derifity  d^itV^thinthe 
tube  niuft  nepeflarily  have  continued  the  fkm'eln 
all  the  vanatibns  of  Heat  or  cold.  This  feidnefsi 
therefore,  muft  be  the  proper  efFeA  oi  beat  on 
idle  phlogilloh,  as  I  Ihould  imagine^  df  the  vapour^ 
iRepeatihg  this  experihitiit  very  often,  widi  *2ie 
fanie  tube,  and  the '  fanie  vapour,  it  became  atter- 
nately  of  a  deejper  or  lighter  colour,  according  as 
it  was  kept  Tiot  or  cold,  without  any  lenfible  change, 
except  thit  Vlu(^  dq>en^ed  iipon  this  fin^e  cir- 

cumftancct 
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cumftance.  This  is  really  a  ftriking  experiment^ 
and  e^cisUjr  when  the  ttibe  contaios  juft  ib  much 
vapour  35  to  be  ntsAf  tranfpareot  when  it  is  cold$ 
£>  that  the  j>eat  aloae  i^ves  it  jfl  the  cdour  diat  it 
acquires. 

in  order  id  .dbfervc  the  Mtmfi  ^ffcB  tf  beat  OQ 
this '  vapour,  I  placed  die  ciofed  end  of  the  cube 
near  the  fire,  and  bringing  it  gradually  iiflaper  and 
nearer^  obferved  that  the  colovr  deepened  unir* 
fbrmly  widi  the  iocreaie  of  heat»  till^  the  gla& 
afloalJ^  melfing,  the  confined  yapopr  bvcft  its  way 
out. 

It/eems  prc^atile  from  odM^*  phenooiena,  that 
if  this  yapour  was  not  confined,  but  had  room  to 
ei^»ad  idei^,  it  would  heQOfne.coioKurleis  with  hea^ 
TJbis>  at  kaA^  istjbe  cs^  uriien  itiscombiocd  with 
water.    The  phmomena  I  lyfer  lo  are  very  com* 
mon  in  the  procefs  for  tnakiog  depUogifticated  air» 
jn  which  1  firifc  obferved  thenv     Bat  the  lame 
thtt^,  are  ohiervable  iiii  die  procefts  for  producing 
any  other  kind  of  air^  in  nrhidi  -mucdi  %irk  df 
lutre  is  made  ufe  of;  and  likewife,  cooftandy,  in 
the  cotmaon  proceis  for.  loaking  iptiit  t£  mtre.  it* 
ielf     It  j^  that  when  the  heat,  is  modeiate,  de 
ii^pour  within  the  glafi  tube  or  jnecort  is  red^  hut 
that,  as  the  heat  increases,  it  becomes  tcaniparentr 

In  m^^ing  dephlogifticated  air,  I  hasre  frequently 
/obferved,  that,  £»-  a  Jong  time  .logetfaer,  th^  tut^ 
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through  which  the  air  was  tranfmitted  was  quite 
txanfparent  next  to  the  fire ;  but  that  near  the  wa- 
ter, where  the  air  was  delivered,  it  has  been  quite 
red,  and  even  within  the  phial  itfeif,  after  it  had 
been  tranfmitted  through  the  water.  It  is  alio 
conftandy  oblerved,  in  the  procefs  for  making  fpirit 
of  nitre,  that  red  fbmes  firft  appear  in  the  retort> 
then  in  the  adopter,  if  any  be  ufed,  and  laftly  in 
the  receiver;  that  when  the  heat  is  greateft,  the 
retort  becomes  tranfparent,  while  the  adopter  and 
receiver  continue  red ;  and  that  when  the  heat  is 
very  great,  the  adopter  will  become  tranfparent, 
and  the  receiver  only  will  be  red.  I  have  alio  ob- 
ferved  that  a^  the  heat  intermits,  in  the  courie  of 
a  procefs^  the  redne&  returns  into  the  adopter  and 
receiver,  and  is  confliandy  driven  back  again  as  the 
heat  increafes.  I  have  likewife  frequendy  obfcrvcd 
^at  when  there  has  been  nothing  in  the  retort  but 
tolmorlefs  vap6ursy  like  thole  of  water,  yet  that, 
when  they-  have  palled  into  the  receiver,  they 
have  immediately  appeared  iii  the  form  of  red 
clouds. 

It  is  rcsmarkable,  however,  that,  in  the  laft  llage 
of  the  procefs  for  making  fpirit  of  nitre,  the  red 
vapQtir  always  re-appears  in  the  retort,  which,  at 
laft,  becomes  moft  iiltenlely  red,  fo  as  to  appear 
almoft  black  ^  and  this  will  be  the  cafe  though  the 
heat  be  increafed  ever  fo  much.    It  is  probabte, 
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therefore^  that  heat  has  this  power  of  attenuating 
the  nitrous  vapour,  and  making  it  colouiiefs,  only 
when  it  is  combined  with  water,  as  well  as  with 
phlogifton;  fo  that  it  difappears,  as  it  were, 
and  is  concealed  in  the  Jieam ;  but  that  after 
the  diftillation  is  over,  and  there  is  no  moifture 
left  for  the  acid  vapour  to  combine  with,  that, 
in  this  cafe,  as  well  as  in  that  of  my  long  tube, 
heat  only  contributes  to  make  the  vapour  mom 
red 

That  this  rednefs  of  the  nitrous  vapour  difappears 
when  the  phlogifton  is  combined  wjth  air,  as  well 
as  with  wx/^,  was  evident  from  feveral  of  the  ob* 
fervations  that  I  have  made.  I  was  led  to  afcertain 
this  circumftance  more  particularly,  by  having  a 
ihiall  phial  filled  with  this  red  vapour,  which  I 
generally  carried  about  with  me,  in  order  to  ihew 
it  to  my  friends ;  when  I  obferved  that,  in  the  fpace 
of  about  a  month,  though  the  phial  was  weU  dofed 
with  a  ground  ftopper,  as  fuf&ciently  appeared  af- 
terwards, the  colour  gradually,  difappeared ;  {o  that 
at  laft  the  redne6  was  ^  barely  diftinguifhable  by 
the  application  of  heat,  and,  of  courfe,  it  would 
anfwer  my  purpofe  no  longer. 

Upon  this  I  took  it  for  granted,  that  the  phial 
had  not  been  well  clofed  i  but,  in  order  to  fatisfy 
myfelf  with  reiped  to  it,  1  opened  the  phial  under 
water,  when  it  was  immediately  half  filled  with  it. 

Had 
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Hiil  I  %«MfiHftcl  die  lair  Within  die  phial,  it  woidS 
ectuinif  h*rc  teen  found'  to  be  phlogWicaied.  Biit 
diotigh  I  'wqglcftod  to  do  this  at  th^at  time,  f  took; 
jufikienc  care  to  ^b^rtain  diat  circumftance  after* 
t(raiHis» 

For  preferttfy  after  diis  1  opened  tinder  water  aii- 
odier  f^t,  vKiich  had  been  filled  with  die  Mi  va* 
pRSMr- about  two  months  before,  and  the  colour  6f 
wMch was evidendy  fainter: than  ithad  ' feeeo,  when 
the  water  immediately  rufhed  in,  and  filled  two 
tfiitds  <!if  it,  and  the^r  within  it  was  not  at  all  af- 
fected by  nitrotis  ak. 

At  another  titne  ^I  ^ade  a  very  dry^  Md  de»i 
pJilMi^Mt  (lightly  red  widi  the- nitrous  mpo^^  and 
4bferv6d  dttt  this  flighc  ttdnefs  ^li^tty  dliiEp^i^ed, 
£>  as  not  to  be^recovered  ttren'by  the  ^p^ioation  of 
heat  I  which  certainly  proves  that  the  phk^sfi^n  ha4 
^[tikted  die  nitroys^oid,  -and  had  united  itftlf  to  #m$ 
^•;  and  that  tfus  ^(Mr  i{i|ttars  in  iis  lAkm  wJk 
1^  femier>  bot  4ioc  wkh^tfie  tMser* 

lusiftly,  I  fe«ufd,  «  tbt  Qovrfe  of  elide  cxpttu 
ffients^  chat?  the  fidwer  of  ^  this  red  vi^ut  ao  phlo-* 
^fticdte  ^conAtii^  ^r  was  much  greater,  4Uid  a£ted 
much  quicker^  than  I  had  imagined  when  I  made 
die  :£]A  oMe/vatfon  of  the  kind.  F^,  after  the 
IcM-mer  obierva^donS)  I  filkd  another  phial  with  the 
teA  vapow,  and  immecfiatdy  afterwards  opened  it 
9iRder  w*ter  i  when  the  water,  itifhing  in,  fSM 
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ibout  half  of  k,  and  thfc  remainiiig  dr  Was  fbimd 
completely  f^ogifticaoed^  xiot  being  m  the  kttft  a& 
icAed  by  nitrous  ain 

Thefe  obfervations  confirm  thofe  I  have  recked 
befcre^  concereihg  the  va^Knir  6f{pirkof  nitre  in- 
jariHg  txftmmon  air.  But  how  much  of  the  eStQt 
arifes  from  this  caufe,  and  how  much  is  €^  be  at«- 
tributed  to  the  nitrous  air,  necd(Eu*ily  mixed  l¥ich 
tiie  nkrous  vapour^  is  not  eafily  afcertained. 

When  I  Wroie  the  aborc,  I  fiUed  tubes  aM 
^mls  with  the  rM  nitrous  yaipour,  hy  means  of  the 
hipid  ibhition  of  bifmuth  in  %trit  of  iiitre^  which  is 
a  troublefbme  operadon^  when  die  tube  is  to  be 
fealed  hermedcaUf  afar  beitag  filled  widi  the 
pour.  The  madner  i&inrhich  I  fueceeded  in  this 
perimtnt  would  be  tedidus  to-jdefcribe,  and  4t  would 
be  unnecefiary,  as  I  have  fince  effected  ^kut  fmi^ 
tiling  in^  much  eafier  manner*  For  mi -lead  con- 
certed into  a  white  fiibftaoee  (as  I  have  obierv^d 
4t  to  be  by  impr^nation  with  theikitrous'vapiduo 
'And  which  may  be  kept  m  diatftate  withwt  deli- 
^udcing  any  length  of  time,  and  without  feeming 
%o  be  difpc^ed  to  part  with  a6y  of  the  vapour  which 
It  lias  imbibed  in  the  temperature  «f  the  attnef- 
•phere)  ritadSly  ^mits  ic  in  a  meldng  heat  I  theit?- 
ibre  put  a  fmdU  qtialidty  of  this  white  minknn  jnto 
%  glafs  tubeclbied  at  one  end;  then^  iholding  it  to 
^  fire^  fflafde  it-tmit  the  red  vapour,  till  die  whole 

4  tube 
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tube  is  filled  with  it ;  and  having  the  other  end  of 
the  tube  drawn  out  ready  for  clofing,  as  foon  as  the 
vapour  begins  to  ifliie  out  of  that  end,  I  apply  my 
blow  pipe  and  ieal  it* 

By  this  means  I  conclude  that  the  tube  is  filled 
with  a  pure  red  vapour,  without  that  mixture  of  ni- 
trous air,  and  perhaps  common  air  alfo,  which  I 
could  not  exclude  before  j  and  when  this  is  done,  I 
can  eafily,  afterwards,  melt  off  that  part  of  the  tube 
which  contains  the  minium,  fo  that  it  does  not  at 
all  appear  in  what  manner  the  tube  was  filled  with 
the  vapour.  A  tube  dius  prepared  will  become  of 
a  deeper  colour  with  heat,,  and  paler  with  cold,  ex- 
actly as  the  tubes  filled  in  the  manner  defcribed  be-* 
fore.  A  litde  mbifture  is  expelled  from  the  white 
minium  along  with  the  red  vapour,  but  it  is  very 
inconfiderable. 

This  white  minium  never  fails  to  be  produced  . 
when,  in  any  circumftances,  the  common  minium 
is  lufficiently  impregnated  with  nitrous  vapour.  In 
making  a  quantity  of  dephlogifticated  air  from  the 
common  minium  and  fpirit  of  nitre,  I  once  filled  a 
whole  gun  barrel  with  the  materials  i  and  when  I 
emptied  it,  after  the  procefe,  in  which  the  bottom  of 
the  gun  barrel  only  had  been  afie£bed  with  the  heat, 
I  found  part  of  the  minium,  at  a  fmaU  dift^ce  from 
the  place  that  had  been  the  hotteft,  perfedly  white, 
while  that  from  which  the  air  had  been  expelled  was 

yellow. 
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yellow^  as  uflial,  and  that  which  was  Either  from 
the  heat  than  the  white  minium,  was  almoft  black. 
Having'  had  a  flight  fufpicion  that  the  whitenefi 
of  this  minium  might  polfibly  have  been  occalioned 
by  ibmething  from  the  bi/mutb^  carried  over  along 
with  the  nitrous  vapour  produced  in  the  Iblution  of 
it,  I  made  a  fimilar  procefs  with  the  fbiudon  of  iron^ 
and  found  that  it  had  the  very  lame  efied  as  the  fo^ 
ludon  of  bifmuth,  converting  the  minium  into  a 
white  fubftance,  exadly  like  that  which  I  had  pro^ 
cured  before.  It  is,  therefore,  the  pure  efie6b  of 
impr^;nadon  with  nitrous  vapour,  but  certainly  a 
very  extraordinary  one,  and  it  may  be  well  worth 
while  to  extend  the  procefi  to  various  other  folid 
fubftances. 


SEC- 
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SECTION      XII, 

lOftk^^ffl^(fL^b^of^  Vfip^ar  of  ^irii  qf  Nifr^ 

LIGHT,  IwsrfifJes  fovipg  Ap  iaqportau^t  p\Mpo^ 
(^Vjknv  ¥  Ul^eiyii^  4  cl>emicai  {Hruipipie^,  tii(» 
•ffcdfe*  of  wj^ijclf  w»  a^  y€*  b»?  lioje  knomra  >  iho^ 
we  ksm  ften  fuj3j«^  r^^fyfi  to  CQiidtudQ^  t^  it 
j$  « ineij-  ]pfi]^tMi%  ^Bt-  in  tjlji^  ^{ftmi  o^nauui6i^ 
i^  new  ^A^  thfmf^^^  rel^g  to  ^  Gurio^^  a  fufa^ 
jcift,  muft  be  acceptable  to  the  natural  philoiop^r. 
After  the  experiments  which  i  had  before  made 
on  the  colouring  of  Ipirit  of  nitre,  by  which  it  ap- 
peared to  depend  upon  phlogtilon,  it  was  fuggefled 
to  me  by  a  philofophical  friend,  that  the  Mr  incum-* 
bent  upon  the  acid  might  poflibly  zSk6t  its  colour, 
and  I  was  defired  to  attend  to  that  circumftance. . 
Accordingly  I  did  fo,  and  found  that  air  as  fucb 
had  no  influence  in  the  cafe,  but  a  very  material 
one,  as  affording  {pace  for  the  vapour  of  the  acid 
to  expand  itfelf  in ;  ib  as  to  be,  in  that  fbite,  fub- 
je6t  to  the  aftion  of  ligbt^  a  thing  of  which  I  had  na 
fu%it99n  before^ 

Having 
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Haying  made  a  quantity  of  colourlefs  fpim  oi 
oitK,  which  b  readily  done  by  making  it  boil  haf- 
tiiiy  (in  order  to  prevent  too  great  a  lois  of  the  acid) 
and  letting  it  cool  again  in  the  dark^  I  put  different 
"portions  of  it  into  feveral  phials>  fbmc  of  them  quite 
fillip  and  odiers  only  half  full,  with  every  different 
ipecies  of  air  kiciunbent  upon  theni,  except  the  ni- 
trous i  wbich  I  knew  would  in^mediately  be  decom« 
pQ&d,  a»d.  ^ve  it  colour.    Then  leaving  diie  phials 
€xpc^  to  the  %ht  of  tihe  fuB>  in  a  few  daj^s  I  fi^und 
A&  addin  ali  iA  thea^  the(  wore  onljr  half  full  con^ 
Bda^Mf  cploured ;  wh^«a»  the  acid  in  ^  pbiai» 
that  were  quite  £#.  m««t)^  aSi  cplpwlei^  a^  war 
ter. 

After  having  had  air  of  different  kinds  in  thoie 
phials  which  were  only  partially  filled,  I  contrived 
to  have  a  vacuum  above  the  acid ;  but  flill,  when  it 
was  expofed  to  the  light,  it  became  coloured,  as 
well  ais  that  which  had  air  in  contaft  with  it*. 

I  then  took  ibme  of  the  phials  that  were  only  ba^ 
fuUy  and  coverbg  them  from  the  light,  expofed  them 
for  levcral  days  to  a  confiderable  degree  of  beat. 
But  in  that  fituation  they  never  acquired  any  co« 
lour. 

*  In  this  experiment  I  ufed  a  glais  transferrer,  executed  by 
Mc.  Bu-ltier.  It  U  of  exccUent  ufc  when  eitber  acids  or  mercury  !• 
CB^loyed. 

Being 


»  

ii8  OBSERVATIONS  ON  Part  L 

Being  now  fatisfied  that  it  was  the  aftion  of  light 
ujpon  the  vapour  of  Ipirit  of  nitre  that  gave  it  colour^ 
I  amufed  myfelf  with  throwing  a  ftrong  light,  by 
means  of  a  lens,  into  the  upper  part  of  a  phial,  the 
lower  part  of  which  contained  colourlefs  fpirit  of 
nitre.  And  in  this  manner  I  found  that  I  could  foon 
give  a  ftrong  orange  colour  to  the  vapour  of  the 
acid ;  and  that,  being  imbibed  by  the  liquid  acid 
with  which  it  was  in  contaft,  this  alfo  became  co- 
loured, firft  at  the  top,  and  then  quite  throu^  its 
fubftance.  Other  experiments  fhew  that  nitrous  acid 
becomes  coloured  by  the  expuUion  of  dephlogifti^ 
catcdair.  which  is  efieded  bv  heat. 


SEC- 
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SECTION    XIII. 

Of  the  ImprepMikn  of  Water  with  pblogifiuated  ni^ 

trms  Vapour. 

HAVING  exsidly  meafured  a  quantity  erf"  watef 
Yxfort  it  was  impregnated  with  the  nitrous 
vapour^  I  obierved  that,  after  the  impregnation^  it 
was  increaied  eza£Uy  one  third ;  two  meafures  o^ 
water  having  become  tbree^  and  agreeably  to  this^ 
I  found  that  a  quandty  of  the  ftrongeft  ipirit  of  nu 
tre  that  I  could  procure,  oco^iying  the  ipace  of* 
four  pelUiyweights  of  water,  weighed  fix  penny^ 
weig^its.  The  exhalation  of  red  vapour  from  water 
thus  impregnated  is  very  great,  far  exceedti^  any 
dung  that  I  have  ever  leen  in  any  other  khxl  of  {pi- 
nt of  nitre.  When  the  ftoppers  have  been  thruft 
YCXY  hard  into  die  phials  containing  it,  they  have 
been  ibmedmes  thrown  out  with  great  force,  and 
^  i^per  part  of  the  phials,  containing  this  acic^ 
are  always  exceedingly  red 

Examining  the  ftrength  of  a  quantity  of  deep 
green  ipirit  of  nitre,  I  found  that  as  nnnich  of  it  as 
occupied  the  fpace  of  four  pennyweights  of  water. 

Vol.  III.  K  yielded 
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yielded  thirteen  ounce  meafures  of  nitrous  air  with 
copper*  When  a  quantity  of  this  acid  had  been  ex- 
pofcd  to  the  open  air  about  a  week,  and  its  colour 
had  intirely  vanilhed,  the  fame  quantity  of  it  yielded 
nine  ounce  meafures  of  nitrous  air,  v^^ch  is  about 
the  fame  produce  that  was  yielded  by  a  pure  fpirit  of 
nitre  mentioned  above  ;  and  being  equally  colmirUJs^ 
they  were  probably  the  very  fame  thing.  N.  fe.  No 
heat  was  applied  in  thefe  trials. 

The  volaiUity  of  die  nitrous  acid,  in  water  im- 
pregnated in  this   manner,  is  very  extraordinary. 
For^  pouring  a  litde  of  it  into  an  open  ^afs,  and 
blowing  upon  it,  a  copious  red  vapour  iffues  from 
it ;  and  by  blowing  upon  it  in  this  manner  c^out  the' 
ipace  of  a'  minute,  the  blue  or  green  colour  intirely 
vanishes,  ,and  the  water  becomes  of  a  pde  yellow 
colour,  exa£Uy  like  common  fpirit  of  nitre.     If 
the  acid  in  this  ftate  (and  the  famle  is  the  cale  with 
^common  fpirit  of  nitre)  be  expofed  to  the  open  air 
a  few  days,  it  becomes  quite,  or  very  nearly,  co- 
lourlefs,  and  veiy  weak.     To  fee  the  nitrous  acid 
thus  blown  out  of  a  quandty  of  this  impregnated 
•!water  in  the  form  of  a  red  vapour,  juft  as  it  went 
into  it,  is  curious  enough,  and  what  has  given  much 
pleafure  to  thofe  of  my  chemical  friends  to  whom 
I  have  ihcwn  it;     It  is  evident  from  this  experiment, 
that  the  thing  onr  which  all  thefe  colours  'of  nitrous 
4cid  depends,  is  the  volatile  acid  vapour. 

Oil 
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Oil  of  vitriol  is  known  to  increaie  in  weight  by 
being  cxpofed  to  the  open  air,  from  which  it  at- 
trads  a  quantity  of  mpilfture,  which  dilutes  it.     But  . 
this  is  not  the  cafe  with  the  nitrous  acid^  at  lead . 
with  this.      For,  on  the  contrary,  it  altvays  k>fcs 
both  wei^t  and  bulk  by  fuch  expofure.    In  order 
to  obfcrve  the  limit  of  this  lols  with  rcfpeft  to  this 
volatile  fpirit  of  nitrcj  I  obferved  that  a  quantity  of' 
it,  before  it  was  {o  expofed,  weighed  thirteen  penny- 
Weights  eight  grains  -,  and  after  a  fortnight^  it  had 
loll  one  pennyweight^  and  was  diminifhed  abotit  ond 
fifteenth  in  bulk. 

I  found,  however,  that  the  flrongeft  inipregna- 
toon  of  water  with  nitrous  vapour,  befides  containing 
a  quantity  of  acid  more  volatile  than  uftial^  retains 
is  much  of  it  as  the  llrongeft  fpirit  of  nitre  does  af^ 
ter  being  a  long  rime  equally  expofed  to  the  com-< 
mon  air.  And,  indeed,  when  the  green  colour  is 
Mown  out  of  this  impregnated  water,  it  is  not  to  be 
diftinguifhed,  in  any  refpeft, ' from  theftrongeft yel- 
low fpirit  of  nitre. 

In  order  to  obferve  in  what  proportion  different 
kinds  of  nitrous  acid  would  lofe  ftrength  by  expo* 
lure  to  the  open  air,  I  expofed  in  equal  cups,  equal 
quantities  of  Hue  fpirit,  green,  green  tinged  with  yeU 
limy  a  quantity  of  the  common  fort  made  by  Mr. 
Godfrey,  and  a  quantity  of  my  own  diflillmg,  with  the 
proportion  of  eight  ounces  of  oil  of  vitriol  to  ten  of 

K  a  nitrei 
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nitre  ;  and  when  they  had. flood  about  a  fortnight 
and  were  all  become  quite  cdourlefs^  like  water,  a 
quantity  of  each  of  them  occupying  the  (pace  of  four 
pennyweights  of  water,  yiddcd  nitrous  air  in  die 
following  proportions.  Of  the  green  four  ounce 
meafures,  and  of  the  greet)  tinged  with  yellow,  four 
apd  three  quarters  ;  which  was  alio  the  produce  of 
Mr.  Godfrey's  acid  ;  and  of  my  own  five  ounce 
meaftires.    Of  the  blue  I  find  no  account 

That  the  fpirit  c^nitre  made  by  the  impregaadioii: 
of  water  with  nitrous  vapour,  is  a  purer  acid  of  the 
kind  than  the  common  fpirit  of  nitre,  a{^aFS  evi- 
dendy  by  its  not  depolking .  any  thing  when  it  is 
mixed  with  a  fohition  of  filver  in  the  nitrous  ack^ 
which  is  the  cafe  with  the  coiiunon  fpirit  of  nitre  f 
and  this  is  always  faid  to  be  a  proof  that  it  contains 
a  quandty  of  vitriolic  acid. 

But  that  fpirit  of  nitre  made  in  this  manner  con* 
tains  more  phlogifton-than  common  fpirit  of  nitre  ia 
alfo  evident,  both  from  die  oopious  red  iiunes  emit- 
ted from  it,  and  alfo  from  other  circiunfbnces,  eljpe* 
cially  from  the  qiudity  of  the  air  whkh  it  yields  with 
flowers  of  zinc 

Having  mixed  a  quantity  of  blue  (pint  of  niiro 
with  flowers  of  zinc  which  were  of  a  dull  .cobur^ 
and  appeared  from  feveral  experiments  ta  contain  a 
pordon  of  phbgiflon,  it  yielded,  with  the  heat  of  a 
c^ldlc  applied  to  d^e  phial  which  contained  ir» 

ftrong 
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ftnmg  fiktoift  air ;  when  the  common  fpirit  of  ni- 
Cfe  appiied  in  the  iame  manner  gave  only  phlogifti- 
cated  air ;  the  phlogifton  of  which  came  probably 
fiom  die  c^  itlelF,  though  a  (mall  portion  of  it 
inig^t  have  been  in  the  nitrous  acid,  which  I  believe 
is  never  intirely  free  from  it. 

It  is  aMb  a  proof  diat  die  green  Ipirit  of  nitre  con- 
tains a  g(x>ddeal  of  phlogifton ;  that  if  a  very  brown 
fmoking  fpirit  of  mtne,  which  certainly  contains 
much  pKlc^ifton,  be  mixed  with  water,  in  a  certain 
propordon,  a  green  acid  is  produced.  But  this  is 
ntK  Ae  cafe  when  the  common  yellow  Ipirit  of  nitre. 
Which  contains  kfs  phlogifton,  is  applied  in  the 
'£tfne  inna.nner. 

A  flhoft  rematki^Ie  fa£fc  of  this  kind  once  occurred 
te  ine,  in  the  courfe  of  my  diftiUadon  of  Ipirit  of 
^cre.  *rhe  flttpfetrc  befaig  very  impure  (having 
been  ctifually  mixed  with  various  phlogifttc  matters) 
die  acid  that  came  over  was  exceedingly  brown, 
and  die  ftimes  were  uncommonly  red,  and  copious ; 
when,  the  fire,  happening  to  flacken,  there  was  a 
conden&tion  of  air  and  vapour  within  die  vefick, 
and  a  quantity  of  water  rufhed,  before  1  was  aware 
of  it,  ihto  the  receiver,  through  the  glafs  tube,  j^ 
-&g.  4.  PL  V.  and  this  mixture  of  that  ftrong  brown 
Ipirft  of  nitre  and  the  water,  which  I  fuppofe 
was  three  fourths  of  the  whole^  made  a  perfefdy 
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deep  green  acid  ;  whereas  none  that  I  could  make 
by  the  mixture  of  the  acids  after  they  were  decanted^ 
jcver  approached  to  the  greennefs  of  tlis.  The 
colour  was  almoil  as  deep  as  I  could  pioduce  by 
the  dirpa  jnqpregnation  of  water  with  the  nitromr 
vapour, 

I  have  obferved  that  the  confequence  o£  impieg- 
nating  water  with  the  vapour  that  efcapes  from  ipi- 
|-it  of  nitre  is  malting  it  ^arkle>  with  the  fpoitfane- 
ous  prodp&ion  of  nitrous  air.  This .  feems  to  prove 
that,  unlefs  there  be  earth  in  all  water,  there  cannot 
be  any  earth .  neceflarily.  contained  in  nitrous  air^ 
Bpt.at  that  time  I  had  always  procured  this,  appeal^- 
ance  by  throwing  into  the  water  the  red  nitrous  va- 
,pour  from  a  violent  effprvefcence  of  fpirit.^  nitre 
and  bifmuth ;  and  in  this  violent  efl^rvefcence.  ic 
was  ppflible  that  fome>  of  the  earth  of  0ie  f¥\c&4 
mig^t  be  carried  over^  as  fome  of  the  water  evi^ 
dendy  was.  I  was,  therefor^^  now  careful  tz)  avoid 
this  objedion^  whicljil  did.by.expoling  a  phial  oS 
pure  nitrous  acid  to  nitrous  air  over  die  purell  dis- 
tilled water.  This  I  did  by  means  of  a  tube  with  a 
ground  Hopper  at  each  end.  For  by  flopping  and 
unflopping  them  alternately ^^  I  could  eafily  managp 
fo  as  to  place  the  phial  of  fpirit  of  nitre,  fupporte(l 
by  a  thin  glafs  tube,  very  near  the  top  of  die  veHel^ 
.  then  fill  it  quite  to  the  edge  of  the  veiTel  with  w^t^i, 

an4 
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and  after  chat  difplace  die  water  by  introducing  ni- 
trous air.  As  the  nitrous  air  was  abibrbed  I  in- 
troduced more,  by  means  of  a  bladder  previoufly 
liDed  with  it.  The  quantity  of  conomon  air  above 
the  fpirit  of  nitre  was  quite  trifling  in  proportion  to 
die  bulk  of  the  tube. 

In  thefe  circumftances  I  obferved  that  when  the 
nitrous  acid  became  blue,  and  hardly  before,  the 
water  next  to  it  began  to  emit  bubbles  of  air.  To 
the  formadon  of  this  air  (which  was  doubdefs  ni- 
trous air)  nothing  could  contribute  but  the  effluvia 
of  the  nitrous  acid,  and  fomething  that  the  >yater 
itlelf  might  furnifh ;  and  this  water  had  been  (lowly 
and  carefully  diftilled  in  glafs  veflels. 
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S  fe  C  T  ION    XIV. 

Of  the  Impregnation  of  Oils,  and  of  S^rit  of  W^e^ 

with  the  nitrpus  Vapour. 

THE  eflfeft  of  the  !mp^egnarion  of  oUs  with  Ac 
nitrous  vapour  is,  in  general,  the  coagulatiofi 
of  them,  and  giving  them  a  red  colour.  But  the 
phenomena  attending  the  proceiles,  fitmi  the  firft  to 
the  laft  ftagc  of  the  impregnation,  are  very  various, 
and  not  a  litde  remarkable. 

Oil  of  olives  immediately  became  of  a  Iky-blue  co- 
lour by  this  impregnation,  and  at  firft  was  fllghdy 
warm.  After  ftanding  all  night,  it  became  yellow, 
and  coagulated ;  and  being  diflblved  by  heat,  it  flill 
retained  its  yellow  colour ;  but  by  a  frefh  impreg- 
nadon  it  became  blue,  and  after  that  of  a  light 
orange. 

After  ftanding  fome  weeks,  it  became  almoft 
white  and  ftiff  ^  but  was  a  litde  fluid  at  the  bottom 
of  the  phial,  where  it  alfo  inclined  to  a  green  co- 
lour, while  the  upper  part  had  Ibmething  of  the  ap* 
pcarance  of  frothy  as  if  fmaO  bubbles  of  air  had  been 
emitted  by  it,  and  were  entangled  in  it. 

Apart 
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A  part  of  the  wbak  oil  tttzx.  had  been  ufed  in 
my  fitft  attempts  to  confine  the  nitrous  acid  va* 
pour^  and  which  was  of  a  dark  red  colour, ,  and 
coagulated^  beihg  melted,  and  put  into  another 
phial,  and  then  impregnated  again  with  freih  nitrous 
vapow,  became  of  a  deep  blue  colour.  In  cool- 
ing it  became  of  a  dirty  green,  then  inclined  to 
fcUow,  became  a  little  fluid,  and  continued  fo. 

A  quantity  di  frejb  whak  oil  became  blue  by 
diis  mode  of  impregnation.  Leaving  it  to  cool, 
the  upper  part  of  it  became  ftiflF,  and  aflumed  a 
l^gfac  orange  colour,  while  the  lower  part  ftill  con- 
tinued blue  and  fluid ;  but  at  length  it  became  of 
a  defep  orange  colour,  and  wa9  perfectly  coagulated 
throughout.  By  long  keeping,  the  lower  part  of 
it  became  flui4>  while  the  upper  part  continued 
fiiflF,  the  wfaok  of  it  looking  brown ;  but  the  fluid 
part  became  of  a  lighter  colour  than  the  other. 

Oil  of  tmfentme  prefently  became  of  a  thick 
confiftence,  and  yellowifli.  Repeating  the  procefs 
fome  time  after,  all  the  upper  part  of  the  phial  was 
filled  with  denie  white  fiimes,  and  the  lower  part 
of  it  became  quite  red  and  fliSl  At  one  time, 
during  the  procefs,  when  the  fliream  of  nitrous 
vapour  was  peculiarly  copbus,  there  was  a  kind 
of  Highc  expk/um  in  the  infide  of  the  phial.  This 
fuhftance  always  continued  very  ftiff  and  red. 


Having 
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.  Having  put  a  little  ejfetuid  oil  of  mint  into  a  phial 
previouily  filled  with  nitrous  vapour,  a  violent  efier- 
yefcence,  and  great  heat>  were  immediacel)r  excited  i 
while  the  oil  prefendy  became  of  a  green  colour, 
and  the  fmell  of  it  was  exceedingly  ftrong.  After- 
wards, jby .  throwing  more  nitrous  vapour  into  the 
phial,  this  oil  became  of  a  deep  orange  colour,  was 
hardly  fluid,  but  was  femi-tranfparent.  By  long 
keeping,  however,  it  became  almoft  folk),  like  the 
oil  of  turpenune,  but  of  a  brighter  colour  i  andfb 
it  ftill  continues. 

When  thefe  kinds  of  oil,  about  two  months 
after  they  were  impregnated,  were  melted  by  die 
heat  of  the  fire,  they  ail  retained  the  lame  colour. 
And  at  this  time  I  obferved  that  the  fblid  part  of 
the  whale  oil  fwam  in  the  melted  part,  occafioned 
perhaps  by  its  having  fome  bubbles  of  air  entan- 
gled in  it,  though  none,  of  them  were  vifible. 
Each  of  thefe  kinds  of  oil  ftill  preferved  their  pe- 
culiar fmell,  though  mixed  with  that  of  die  ipirit 
of  nitre. 

Ether  received  no  change  of  colour  at  firft  by 
this  impregnation  j '  but  the  upper  part  of  the  phial 
was  filled  with  a  white  fume,  when  the  vapour  was 
firft  applied ;  and  when  a  candle  was  prefented  to 
the  mouth  of  it,  it  burned  with  a  green  flame,  ex- 
adly  like  a  mixture  of  inflammable  and  nitrous  air. 
^t  length  all  the  upper  part  of  the  fluid  became 

of 
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of  a  deep  blue  colour;  and,  obferving  it  more 
narrowly,  the  blue  appeared  to  be  entirely  fcparatcd 
from  the  reft,  which  continued  colourleis  at  the 
bottom^  and  was  three  fourths  of  the  whole. 

Reflecting  upon  the  phlogiflicated  air  ennitted 
.frc»H  the  whale  oil,. after  being  impregnated  with 
nitrous  vapour,  in  my  attempts  to  confine  that  va- 
pour by  means  of  it,  I  was  willing  to  try  whether 
a  fimilar  impregnation  of  the  other  oils,  as  Ib^eed 
4nly  and  oil  of  turpenhne  would  produce  the  fame 
efied;  which  I  found  it  to  have.  It  was  in  this 
coude  of  experiments^  that  I  accidentally  oblcrved 
the  aftonifhing.  efFe£t  of  thefe  oils  to  decompofe 
nitrous  airy  and  leave  it  in  the  ftate  of  phlogiili- 
cated  air^  of  which  an  account  has  been  given  al- 
jeady. 

The  oil  of  turpentine  took  much  more  of  the 
nitrous  vapour  than  the  linfeed  oil  j  but  when,  in 
the  courfc  of  the  procefs,  it  became  blue,  as  the 
other  had  alio  done,  it  yielded  air  more  copioufly ; 
and  this,  like  the  air  from  the  whale  oil,  and  the 
linleed  oil,  was  mere  phlogifticated  air,  without  any 
mixture  of  fixed  air. 

Not  having  a  quantity  of  ether  to  make  the  ex- 
periment with  this  fpecies  of  oil,  in  the  fame  man- 
ner as  I  had  done  with  the  others,  I  contented 
myfclf  with  impregnating  it  by  plunging  the  end 
©f  the  tube,  out  df  which  the  vapour  iffued,  into 

a  phial 
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a  phial  containing  the  ether.  This  I  did  a  con- 
iiderable  time  widiout  any  pardcular  appearance ; 
but  at  length  the  ether  iuddenly  turned  green,  and 
the  moment  that  this  change  of  colour  appeared, 
air  began  to  ifiue  from  it  in  torrents. 

Happening  to  make  die  efiervefcence  toavio* 
lent)  at  one  time  that  I  was  making  this  experiment, 
ibme  of  the  nitrous  acid,  and  fmaM  bits  of  the  bif- 
muth,  were  thrown  into  the  edierj  where  they 
kept  diiibhring,  and  producing  air  very  copbufly* 
This  air,  when  I  firft  obferved  it,  I  concluded  to 
be  nitrous  air  j  but  when  I  coUefted  a  quantity  df 
it,  and  examined  it,  it  appeared  to  be  phlogifticated 
air  only:  from  which  it  was  evident,  that  ether 
had  the  property  of  inftandy  converting  nitrous  air 
ihto  phlogifticated  air,  or  at  leaft  of  yielding  phlo- 
^fticated  air  from  the  imprcgnadon  of  nitrous 
vapour. 

Sufpe^ting  at  that  dme  that  the  former  of  thefe 
was  the  cafe,  and  willing  to  try  whether  the  odior 
kinds  of  oil  had  the  fame  property,  I  transferred  ^ 
quandty  of  nitrous  air  into  a  phial  previoufly  filled 
with  oil  of  turpentine ;  and  obfcrved,  that,  with  a 
very  fmall  degree  of  agitation,  it  was  abforbed  very 
faft  i  and,  being  reduced  to  one  fourth  of  its  bulk, 
was  found  to  be  mere  phlogifticated  air.  This 
experiment  fu^efted  thoie  that  have  already  been 
recited,  concerning  the  effeft  of  oil  of  turpentine 

upon 
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upon  nitrous  air.  N.  B.  The  impregnation  of  ether 
Mfith  nitrous  vapour  fcems  to  maJce  it  more  volatile 
than  it  was  before* 

The  cflfea  of  the  impregnation  of/pirit  of  wine 
with  the  nitrous  vapour  was  confiderably  difierent 
from  that  of  the  oib  above-mentioned.  When  I 
threw  a  ftream  of  nitrous  vapour  upon  a  quantity 
of  this  fluid  contained  in  a  phial,  it  did  not  fufier 
any  change  of  colour,  and  was  not  lenfibly  heat- 
ed; but  when  the  flame  of  a  candle  was  pre* 
fented  to  the  mouth  of  the  phial  afterwards,  a 
vapour  iflued  from  it^  which  burned  with  a  greenifh 
flame. 

After  fiiequendy  repeating  this  procels,  a  quan- 
tity of  genuine  mitrms  ethers  about  one  third  of  the 
whole,  was  perceived  to  ieparate  itielf  from  the 
^irit  c^  wine,  and  to  fwim  upon  the  flirface 
of  it. 

Bodi  the  ether  and  the  iptrit  of  wine  'were  ren- 
dered extremely  volatile  by  this  procefs,  the  vapour 
frequently  throwing  out  the  glais  (toppers  from 
die  phials  in  which  they  Were  contained,  if  they 
were  not  thruft  in  very  tight;  and  bubbles  of  Tit 
iflued  very  copioufly  from  every  part  of  them, 
whenever  the  (toppers  were  taken  out,  a  quantity 
of  the  vapour  always  ruihing,  at  the  fame  time, 
out  of  the  phial. 

When 
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Whtn  I  made  this  impregnation  by  plunging 
the  tube  out  of  which  the  vapour  ifiued  into  a 
phial  of  this  liquor,  the  procefs  was  continued  a 
confiderable  time  before  any  diing  remarkable'  ap- 
peared; but  at  length  the  liquor  turned  fuddcnly 
blue,  and  boiled  with  great  violence ;  when,  im- 
mediately inverting  the  phial,  and  filling  it  up  with 
frelh  fpirit  of  wine  (in  order  to  place  it  inverted' 
in  a  bafon  of  the  fame)  all  the  vapour  was  agdn 
abforbed,  except  a  very  fmall  bubble.  But,  by' 
the  help  of  a  litde  warmth,  more  air  was  pro- 
duced, and  it  expelled  a  great  part  of  the  liquor. 
This  air  being  transferred  to  quickfilver  did  nor 
afred  it;  and  upon  admitting  lime  water  to  it^ 
though  one  half  of  it  was  prefendy  abibrbed^  the 
water  did  not  become  turbid.  Applying  the  flame 
of  a  candle  to  the  mouth  of  the  veiifel  in  which  it 
was  contained,  it  burned  with  a  blue  flame  defcend- 
ing  pretty  rapidly  from  the  tc^  to  the  bottom  of 
the  veficl. 

Upon  this  I  took  a  quantity  of  Ipirit  of  wine 
pardy  impregnated  with  nitrous  vapour,  about  two 
months  before,  and  warming  it,  found  that  it  yielded 
air,  or  vapour,  in  the  fame  manner  as  in  the  laft 
experiment  J  and  flUing  a  phial  with  this  liquor^ 
and  inverting  it  in  a  baibn  of  the  fame,  the  vapour 
iflTuing  from  it  prefendy  filled  almoft  the  whole  of 
the  phial.    Transferring  this  air   into  a  veflel  of 

5  lime 


SeB.  XIF.  NITROUS  acid.  143 

lime  water,  three  fourths  of  it  prefently  difappeared, 
the  lime  water  was  made  confiderably  turbid,  and 
the  refiduum  feemed  to  be  flightly  inflammable. 

At  another  time  I  obfer^ed  that  air  produced 
in  this  manner  was  phlogiflicated  air,  mixed  with  fixed 
air,  and  alfo  with  the  vapour  of  ether,  which  I  have 
found  to  double  the  quantity  of  any  kind  of  air. 
That  fixed  air  may  come  from  a  mixture  of  fpirit 
of  wine  and  nitrous  acid,  I  had  obferved  before, 
and  diis  feems  to  be  a  pretty  fatis&6lory  proof,  or 
at  leafl:  a  ftrong  preilimption,  of  fixed  air  being  a 
modificadon  of  the  nitrous  acid.  For  by  no  other 
treatment,  I  believe,  can  fpirit  of  wine  be  made  to 
g^ve  any  fign  of  its  containing  fixed  air* 

N.  B.  .  It  may  be  juft  worth  while  to  obferve, 
at  the  clofe  of  this  iedion,  that  whale  oil  and  olive 
oil,  impregnated  with  nitrous  vapour,  diflblved 
quickfilver,  and  produced  air ;  but  the  oil  of  t«r- 
j^M/i»r  impr^nated  in  the  fame  manner,  did  not 
ieem  to  afied  quickfilven  I  made  thefe  trials  by^ 
only  dropping  a  litde  quicklilver  into  the  hnpreg* 
Dated  oils,  and  obierving  whether  any  air  bubbles 
rofefrom  it. 


SEC- 
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SECTION      XV. 

I  I 

Of  the  Imfregnatiim  of  the  Acids ^  &r.  with  the  ni- 
trous Vapour. 

BOTH  oil  of  vitriol,  and  jj^iV  rf  fait,  receive 
an  impregnation  from  nitroiis  v^xmr,  though 
not  in  fb  great  a  quantity  as  water ;  and  the  efie^ 
of  theie  ithpregnations  are  pretty  remarkable,  and  in 
feveral  refpe£bs  confiderabty  difierent  fitrni  the  re* 
fult  of  a  mixture  of  thefe  acids,  when  each  of  tkcm 
(as  hitherto  they  always  have  been)  are  {mrioufljr 
combined  with  water. 

Having  filled  a  very  large  phial  with  die  nitrous 
vapour,  I  poured  into  it  a  litde  oil  (fvitrioly  ami 
obferved  that  the  vapour  was  imbibed,  though  vcrf 
flowly;  but  at  length  the  red  colour  endrely  dis- 
appeared, and  the  air  ruflied  into  the  phial  when  it 
was  opened.  Afterwards  I  fully  faturated  a  quao^ 
tity  of  flrong  oil  of  vitriol  with  the  red  vapour 
thrown  upon  it,  in  a  large  phial,  frequendy  ihaking 
it|  to  promote  the  faturadon,  and  repeating  the  pro- 
cefs  very  frequently.  .  At  length  this  acid,  from 
being  quite  tranfparent,  became  of  a  light  blue 

I  colour; 


colour;  btJt  in  other  refpe^  did  not  differ  much, 
to  appearance,  from  common  oil  of  vitriol,  except 
Aat  a  white  vapour  exhaled  from  it. 

But  having  poured  a  quantity  of  this  impregnated 
oil  of  vixnol  from  one  phial  into  another,  and  hav- 
ing dipped  the  empty  phial  into  a  trough  of  water, 
in  ordfer  to  rinfe  it>  I  was  furprized  by  the  fudden 
brnlHng  out  of  a  great  quantity  of  red  vapour^ 
4rhich  dafhed  part  of  the  water  to  a  confiderable 
difhuice,  and  aUb  at  a  prodigious  heat^  that  was  in« 
ftandy  produced  widiin  the  phial. 

Upon  diis  I  put  a  fmall  quandty  of  the  impreg* 
nared  oil  of  vitriol  into  an  open  drinking  glafi, 
dnd  gendy  pouring  a  lltde  w^ter  upon  i^  obferved 
no  itmarkable  appearance;  till,  with  a  piece  of 
glais  tube,  I  began  to'ftir  and  milt  thenl;  when 
the  he^  immediately  took  place,  attended  with 
the  emiflion  of  a  cloud  of  denfe  red  vapour :  and 
dieier  appearance  increafed  with  the  agitadon,  and 
indihate  mixture  of  die  Water  and  this  impregnated 
oil  of  vitriol,  till  at  leriffth  all  the  nitrous  vapour 
feemed  to  be  expelled,  and  the  oil  of  vitriol  wai 
left  as  it  wa$  at  flrft,  only  diluted  with  water.  This 
experiment,  when  well  dondufted,  is  more  remark- 
able dian  it  will  be  expe6ted  to  be  found  from  this 
account  of  it.  Several  good  chemifts  of  my  ac- 
quaintance have  been  much  ftrucl^  with  it* 

Vol.  III.  L  But 
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But  the  iiT^regnation  of  Jpirk  ^-^Z;  with  the 
nitrous  vapour,  at  the  fame  time  that  it  is  more 
eafiljr  effedted,  is  of  a  ftill  more  rcraarkabk  nature  j 
and  will,  I- hope,  be:  of . confiderable,  ufe:  for  it 
makes  an  aqua  regia  of  incpmparably  greater  power 
in  the  folution  of  gold  than  the  common  fort.  In 
coniequence  of  this  impre^^tion^.  the  J^i^ot  of  ialt^ 
from  being  of  a  ftraw  colour^  preiendy.  becomes  of 
a  very  deep  orange^  .niych  deeper  than  the  ipirit 
of  nitre  itfelf  can  ever  be  made,  and  the  vapour, 
which  it  emits  is  peculiarly  pungent. 

But  one  oi  the,  rr^pft  remarkable  <:ircumftances 
attending,  tl^is  impregnation  is.  that,  whereas  the 
commoh  aqua  regia  is  made  in  the  beft  ,manner  by 
mixing  one  fourth  of.  the  ipirit  of  falt>  with  t|ircc 
fourths  of  fpirit  of^qitre,..  this  liquor,  which  is,  in  a 
manner,  nothing  but  fpirit  of  fait  (for  I .  did  not 
perceive  that  the  bulk, of  i^  was  fenfibly  increaied 
by  the  proCcfs)  after  having  imbibed  a  litde  of;  the 
nitrous  vapour,  becomes  poffeffcd  of  all  the  pro- 
perties of  that  aqiia  regia,  which  wnfifts  chiefly  of 
fpirit  of  nitre,  and  in  much  greater  perfcdtiom 
JKor,  while  die  common  aqua  regia  will  hardly  dif- 
folve  gold  without  the  help*  of  i&^^/,  this  diilblves  it 
witli  as  much  rapicjity  as  I  haye  almoft  ever  feen  in 
any  chemical  folution  whatever,  when  it  is  perfedtly 
^Id.  The  quantity  of  gold  that  this  aqua  regia  is 
capable  of  diflblving,  in  proportion  to  its  bulk,  I 

have 
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have  never  afcertained  j  birf  it  fcems  to  :e»ceed  the 
conomon  aqua  regia  very  piuch  in  this  refpedt ' 

This  is  alTo^  a  mudi  .dxafk  kind-^f  aqua  regia' 
than. the  common  fort*  For  ia*  fmafl '* quantity  b^ 
Ipirit  of .  nitre  willi  by  this » means,  comnnunicate  a 
fufficient  quantity  of  nitrous  vapour  to  faturate  a 
largi^  quantity  of  fpirit^of  fah,  which,  is  a  tery  cheap 
article ;  whereas,  in  the  common  method  of  makings 
aqua  regia,  the.  bulk  of  it  is  Ipirit  of  nitiie,  w4iidi 
in'conoparifbh  is  dear.. :  hi 

'  If  nitrous  air  be  decojanpofed  over*  a.  quantity  of 
fpirit  of  iait,  in  the  maiibcr  de;fcribed  !ia*:a  fbirmev 
ie£lion,  it  becomes  the  >  fame  Tpowcrful  aqii^  i^gi^i 
by  laturation  with  the  nitnoua  vapour, .  whicfe  had 
been  jcxx^iained  in  the  nitrous  air.  .   ;.:.  H::^:    ■> 

I  thought,  it  fometitog,  remarkablb,''< that  ifter 
havii)^  m^de  aqua  x^^i~\^  in^ppegnatln^  ipirk  of 
iak  with  tutrous/vappuri  X  oould  not  liooipofe  an 
aqua  reg^  by ,  in>pre§^aicing'  fp^it  fiS  aitre  with  the 
vapour  of  fpirit  of  £dt|i  ^Uej^  in:  ^d.Jirfne  man- 
ner. But.  though  I  efKka^ured;to  dof  this  in  every 
method  that,  I  co^ld  [think,  q^  I  got :  no  liquor 
that  would  (tiiTolve  gpld,'^or  tl^  was,>  in^anyt  re*^ 

fpeS;,  materially  difiefei^t  frpm  conunoD  ipirk'  of 

»    • 

Whe»  fpirit  of  fak  i&  feturafed  with  nit(t>u3'  va- 
pour^  it  yklds  air,  in  t^e  fame  manner*  that  w&ter 

L  2  does 
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does  in  the  £ufne  prooe&  This  air  I  caught^  and 
found  it  to  be  nitrous  sur^  die  fame  that  it  yielded 
by  water.  Part  of  the  aiiv  faoivever^  was^  aUbrbed 
by  water  \  which.  1  imagine  muflr  here  been  %  mix-^ 
Uire  of  maiwe  acid  air^  diichsorged  from  it  togjSther 
with  the  nitrous  air* 

Water  in^prcgnatisd  to  iatutation  widi  vitriolic 
acid  ur  admits  of  this  imprtgnadon  with  mtreu* 
yapour  almoft  as  well  as  pure  water.  In  diis  pro^ 
ceis^  which  was  performed  by  phmging  the  tub« 
from  which  the  vapour  ifibcd  into  a  phial  of  this 
impr^natfid  wiser, '  ftanding  in  a  balbn  <^  cold 
water  (in  ohfer  to  prevent  its  becoming  hot,  and 
thereby  lo6^  its  own  proper  air)  it  became  blue, 
and  emitted  air  ve^  €Opioufly^  Much  more  than 
the  bulk  of  .die  wa^r  had  e&aped,  when^  by  filling 
a  phid  with,  diis  douUy-ktipfegnaced  watd*i  and 
invertti^  it  in  a  bafon  of  the  fame,  I  eaught.  a 
quantity  of  it>  and  feund  it  to  be  pure  nitrous  air. 
There  would>  no  doubts  have  been  a^  mixture  of 
yitrioUc  acid  air  along  with^  k ;  but  water  prefently 
imbibes  this  kind  of  air.  In  making  dils  hnpreg- 
nadon,  tk8  greateft  tarifc  ih<Hs]d  be  taken  to  make 
it  retain  the  vapour  whidi  the  water  has  imbibed, 
by  always  keeping  the  phiak  which  contain  it  dotidy 
ftoppedi  and  alfo  by  plui^g  them  in  cold  water 
as  foon  as  the  operation  is  orer.    For  oditrwiie  die 

effort 
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effort  of  thefe  twQ  vexy  elaftic  vapours  to  dcape 
-^m  the  water  would  endanger  the  burfting  of  the 
phials. 

This  wttter  in^xegitated  with  vitriolic  acid  air^ 
and  fuper-inxpre^ted  with  nitrous  vapoitr,  emits 
a  copious  wUu  fime,  in  which,  as  well  jis  in  its 
blue  colour,  it  refenUes  <m1  of  vitriol  impregnated 
in  the  fiune  manner.  But  I  could  not  make  oil  of 
vitriol  emit  any  nitrous  air  by  this  proccls. 

Having  made  thefe  new  impregnations,  I  was 
defifous  of  obferving  the  efit£b  of  them  in  the 
filution  rf  metals  i  aiid  it  was  obfervabte  in  genera^ 
that^  in  thefe  proceiles,  as  weil  as  in  the  experi«- 
ments  with  the  mixture  of  acids,  the  nitroys  acid 
produced  its  efied  the  firft,  or  at  kaft  in  the  greats 
eft  abundance  at  firft$  while  the  other  acids  feemed 
to  a&  their  parts  independently  of  it,  taking  more 
time  to  their  work  s  hut  feveral  of  tKb  phenom^n^ 
were  lingular  enough. 

The  oil  of  vitriol  thus  impregnated  readily  di& 
folved  quickfilver,  but  without  yielding  any  air  at 
firft.  But  when  the  whole  feemed  to  be  diflblved 
mto  a  thick  and  white  matter,  air  was  produced 
pretty  plentifully,  though  irregularly,  apd  it  was  al} 
nitrous.  The  upper  part  of  the  liquor  ]n  the  phial 
in  which  this  iblution  was  made  was  green,  and  the 
lower  part  white.  This  oil  of  vitri^  9lfo  diflolved 
01ver,  h\xt  would  not  touch  gold. 

L3  The 
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'  The  fpirit  of  fait  which  had  received  this  im- 
pregnation, and  which  difTolved  gold  fo  rapidly, 
as  I  have  mentioned,  diflblved  ^Iver  alfo,  and  pro- 
duced nitrous  air.  This  liquor  alfo  diflblved  zinc, 
and  produced  air  that  was  ilrongly  inflammable, 
differing  in  nothing  from  common  inflammable  air, 
except  that  it  burned  with  a  green  flame,  which 
muft  have  been  derived  from  a  flight  mixture  of 
nitrous  air. 

Water  faturated  with  vitriolic  acid  air>  and  then 
with  nitrous  vapour,  wbuld  not  diflblve  gold ;  buti 
though  much  diluted  with  water,  it  yielded  air 
from  zinc, -one  meaiure  of  which  and  two  of  com- 
mon air  occupied  the  Ipace-  of  two  meafures  and  a 
half.  The  air  thus  produced  without  heatextin- 
guiflied  a  candle;  but  when  I  heated  the  phial, 
I  got  more  air,  which  was  fired  with  one  great 
explofion,  fike  a  mixture  of  inflammable  and  com- 
mon air ;  or  rather  like  inflammable  air  fired  in  the 
vapour  of  fpirit  of  nitre,  the  flame  defcending  to 
the  bottom  of  the  phial,  and  being  exceedingly 

r 

bright. 

Repeating  the  experiment,  in  order  to  take  the 
ak  at  difierent  times,  I  found  that  the  firfl:  produce, 
without  heat,  after  paflmg  as  little  as  poflible  through 
water,  burned  with  an  enlarged  flame,  a  bright 
flame  in  the  center,  and  a  blue  one  at  the  furface. 
Afterwards  the  air  was  whollv  inflamcnable,  a  clear 

bright 
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bright  flame  defcehding  rapidly  from'  Ae  top  to 
the  bottom  of  the  phial  s  and  the  laft  that  I  could 
procure  exaftly  -refembled  a  mixture  of  inflam- 
mabie  andnitrdis  aii^  burning  with  a  green  or 
yellowifli  flame  in  the  mouth  of  the  phial,  and  at 
length  defcendinggendy  from  the  top  to  the  bot- 
tom. 

At-  another  time  this  doubly-impregnated  water, 
with  zinc,  produced  ftrong  nitrous  air,  afterwards 
that  which  burned'  with  an  enlarged  flame,  then 
with  a  flaitie  dill  more  enlarged,  then  like  a  mix- 
Cure  of  common  and  inflammable  air,  the  flame 
^efcending  at  <Mi6e  to  the  bottom  of  the  veflel ;  and 
the  lad  produce  was  fired  at  feveral  times,  exadly 
like  a  very  weak  inflammable  ain 

But  none  of  the  appearances  recited  above  are 
fo  remarkable  as  the  phenomena  produced  by  the 
vapour  which  I  procured  on  diftilling  to  drynefs  a 
iblutioA  of  gold  in  marine  acid  impregnated  with 
nitrous  vapour,  whkrh  I  have  mentioned  as  fo  ex- 
cellent a  kind  of  aqua  regia.  The  produce  of  this 
procefs  was  an  acid  air ^  of  a  very  peculiar  kindi 
|>artaking  both  of  the  nitrous  and  marine  acid,  but 
more  of  the  latter  than  of  the  former,  as  it  extin^ 
guiflied  a  candle ;  but  it  was  both  extinguiflied  and 
lighted  again  with'  a  moft  beautiful  deep  blue  flame* 
A  candle  dipped  into  the  fame  jar  of  this  kind  of 
^,  went  out  more  than  twenty  times  fucceflively, 

L  4  making 
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making  a  yery  pleafii^  experiment.  The  4)uaA- 
nty  of  thi9  gcid  air  ^  veiy  greai^  and  the  refidunvi 
I  have  fi)mfCiines  jbund  to  be  depttlggiftiGM^^ 
fomecimes  ]^egifticatcc}»  Md  9t  a^r  tvacs  nt* 
trous  air.  * 

When  I  csideavoured  to  rapexTe  this  vapow  iq 
quickfilver^  infbead  of  water,  the  firft  that  I  tmi^ 
corroded  the  quicldHvtr  vtrj  mudi.  Htraig  com* 
pletely  filled  a  pretty  large  jar  vith  the  fifft  pro- 
jdyce  of  this  air,  die  qujckfilyer  preft«%  ide 
withiii  one  fourth  of  the  top,  which  I  took  fof 
granted  had  been  by  the.  iblution  of  mercury  in 
the  nitrous  acids  and  therefore  I  cxpe^ed  lo find 
this  air  nitroiis.  But  when  I  examined  k^  it  ap- 
peared to  be  mere  phlogifticatsed  air.  There  h^d 
probably  been  a  produ&Ion  of  dephlogifticated  air^^ 
which  had  tieen  reduced  to  {^ogifti»ted  air  by  » 
iiiiicture  of  nitrous  air  podu^  by  tjie  folluQon  of 
the  quickfilver.  After  diis>  in  the  |ame  progefi^ 
I  filled  another  jar  half  full  of  this  air,  attended^  a» 
before,  with  a  gitat  corrofion  of  the  quickfilvier  i 
but  it  rode  no  hig^r,  as  it  bad  done  in  the  prp* 
ceding  experim^nt^mid  when  water  was  adauttc4 
to  it,  the  whole  of  it  was  inftandy  abforbed* 

It  was  probably  the  nitrous  vapour  that  camj^ 
firft  in  this  proce^,  and  the  manne  acid  air  afier^t 
wards* 


It  b  cafy  to  catch  thi$  cyriouj  vapour  by  attend* 
ing  CO  the  courfe  of  the  prooeis^  which  is  as  fol* 
loFs.  The  &ft  duo^  that  comes  over  is  the  com- 
«K»  Wr  coataJDcd  in  ij^e  phial  (far  I  always  made 
the  expfirimeot  in  a  i^  veflcUod  a  fand  heat)  dien 
Ihe  fljuiid  be^n$  to  diftiii ;  imn^ediately  after  which 
^mes  this  pure  acid  vapour ;  and  in  the  laft  place 
liie  generated  air,  the  quaHty  of  which  is  various^ 
bitt  geneiatty  dqpblogiilicaAed. 

It  may  be  juft  worth  while,  at  the  clofe  of  this 
ieiSbiqo^  to  mention  the  impregnation  of  a  folution 
of  liver  of  fulphur  in  water,  and  alfo  of  alkaline  li« 
ijuors,  with  this  vapcjjr. 

Throwif^  the  nitrous,  vapour  upon  water  Satur- 
ated With  liver  of  fulphur,  it  prelendy  became  milk 
white;  but  {^rowing clear^  it  became  of  a  lig^  co- 
Jour,  z  fiiblbmce  in  the  £brm  of  curds  fwimnndng  at 
the  top  of  it,.aod  which  was  pnohably  tjhe  farne  n^« 
ter  that  had  made  it  appear  ib  white  and  cloudy  at 
firit 

Throwii^  this  vapour  upon  the  volatile  fal-anmo^ 
nlac  n  white  cloud  was  immediately  produced  within 
the  phial,  and  it  continued  a  long  time^  but  at  length 
it  difappeared,  and  the  liquor  became  firftof^  flight 
4»range-eQlour»  and  after  fame  time  was  blue«  In 
this  proce&  the  liquor  became  very  hot,  and  fmall 
i)\)t^les  of  air  iflued  ^m  it  in  great  plenty*   Thefe^ 

had 
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had  I  examined  them,  would  probably  h^ve  been 
found  to  have  been  nitrous  air. 

I  began  the  fame  procefe  with  cauftic  alkali,  and 
obferved  that  it  imbibed  a  great  quantity  of  the  ni- 
trous vapour  J  but  feeing  nothmg  remarkable  in  the 
appearance  of  the  liquor,  I  did  not  profecute  the 
experiment. 

'  The  phofphoric  acid  is  prefently  faturated  with 
nitrous  vapour^  and  affiimes  a  deep  rindigo  blue 
colour 

Radical  vinegar  is  alfo  loon  faturated  with  this 
Vapour,  and  ailumes  a  light  blue. 

Spirit  of  fait  faturated  with  frefh  minium,  fo  as 
to  be  of  a  yellow  colour,  becomes  of  a  deep  orange 
when  impregnated  with  nitrous  vapour. 

Spirit  of  fait  faturated  with  white  minium,  made 
to  in  tonfequence  of  the  colour  being  extrafted  from 
it  by  the  fpirit  of  fait,  aflumes  a  light  blue  colour 
by  being  impregnated  with  this  vapour. 

Spirit  of  fait  faturated  with  red  precipitate,  or  the 
percipitate  per/e,  affumes  a  green  colour. 

Spirit  of  fait  faturated  with  flowers  of  zinc  ac^- 
quires  a  blue  colour,  deeper  than  a  iky  blue^  but 
pot  fo  dark  as  the  blue  of  the  phofphoric  acid. 

As  a  mixturcf  of  the  'nitrous  and  marine  acid 
niakes  aqua  regia,  which  diflblves  gold,  I  hkd 
thou^t  it  might  be  pofliblc,  that  common  fpirit  of 
fait,  after  diflfolving  fome  of  the  nitrated  calces 

above 
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above  mentioned^  might  have  the  fame  property  i 
but  it  had  not.  It  is  now  pretty  well  confirmed, 
that  it  is  the  marine  acid  alone,  in  the  compofition 
of  aqua  regia,  that  diflblves  the  goldj  this  acid 
being  dephlogifticated  by  the  fpirit  of  nitre,  which 
has  a  ftronger  affinity  with  phto^bn  than  the  ma- 
rine acid  has. . 

Precipitate  perfe  diflblves  with  great  rapidity  in 
fpirit  of  fait.  A  quantity  of  this  folurion  I  impreg- 
nated with  nitrous  vapour,  on  which  the  furface  of 
the  fluid,  and  the  fldes  of  the  phial,  were  inftandy 
covered  with  cryftals,  larger  than  thofe  of  the  preci- 
pitate. The  colour  of  the  liquor  was  then  of  a 
light  blue,  or  green.  Afterwards  it  affiimed  a  deep 
brown,  inclining  to  yellow,  and  a  great  quandty  of 
white  matter  was  depofited,  occupying  almoft  the 
whole  fpace  of  the  liquor.  This  muft,  I  prefume, 
have  been  corrofive  fliblimate,  the  pure  air  from  the 
precipitate  having  dephlogifticated  the  fpirit  of  fait, 
which  is  a  ncceflary  circumflance  in  this  prepara-* 
tioB, 
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SECTION      XVI. 

0/  Cryfids  formed  lyiU  Imprepiatm  (fOil^of  Vitrid 
with  pilogifticated  nitrous  Vapour. 

* 

IHav€  already  obicrvcd  the  remarkable  efic£b 
of  impregnatiJig  oil  of  vitriol  widx  nitrous  acid 
vapour* 

Haviflg  impregnated  a  lai^r  quandtjr  of  the  oil 
of  vitnolthani  made  uic  of  in  thofe  experiments, 
I  left  fixne  of  it  in  a  large  ptuzl,  with  a,ground  flnp^ 
per,  amoog  odier  phials  containii^  things  for 
which  I  had  no  imme^ate  ufe.  But  though  «ijr 
procds  was  oyer,  that  of  nature  was  not.  Happen** 
ii\g  to  be  looking  at  it  on  the  i9di  of  March  fid« 
lowing,  perhaps  about  fix  months  after  the  impreg- 
nadon,  I  found  what  I  was  &r  from  having  expeded^ 
viz.  that  almoft  die  whole  was  crTftallized,  a  very 
fmaii  part  only  of  die  contents  of  the  phial  remaining 
liquid.  The  cryftals  looked  exafUy  like  ice,  an4 
exhibited  all  the  appearances  that  I  had  before  ob- 
ferved  to  attend  the  fimple  impregnation  of  the  vi- 
triolic acid  with  nitrous  vapour,  but  in  a  much  more 
elegant  manner.    For  on  dropping  a  piece  of  this^ 

I  ice 
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ice  into  pure  water,  it  became  gieen,  and  efftr- 
vefccd  with  great  violence  j  and,  what  made  » 
beautiful  and  ftriking  j^enomenon,  all  the  water  in 
which  the  ice  was  diflblved  began  inftandy  to  Ipar- 
kle,  with  the  fpontaneous  and  copious  produftion 
of  air.  With  the  help  of  a  little  heat,  this  produc- 
tion of  air  was  fb  great,  that  the  quantity  was  more 
than  a  hundred  times  die  bulk  of  the  ice  that  had 
been  diffidved.  It  was  the  pureft  nitrous  air.  In 
faft,  a  great  quantity  of  nitrous  vapour  was,  as  it 
were,  imprifbned  in  this  oil  of  vitriol,  and  being 
itiddenly  fet  loofe,  on  being  plunged  in  the  water, 
k  impregnated  the  water  in  die  fame  manner  as  I 
have  obferved  dut  the  nitrous  vapour  never  £db  to 
do. 

The  sQ^ication  of  heat  made  this  ice  emit  adenfe 
red  fume  $  but  holding  a  quantity  of  it  in  a  glafs 
vcflfel  over  a  candle,  it  prefendy  melted,  emitting 
bubbles  ;  and  then,  letting  it  fland  to  cool  gradu* 
ally,  it  cryllallizcd  very  fuddenly,  when  it  was  about 
blood  warm.  It  was  in  this  fecond  congelation 
much  more  opaque,  and  denier  than  it  had  been  in 
the  former.  When  this  ice  ^as  diflblving  with, 
heat,  the  fume  it  emitted  was  not  red,  but  white, 
and  exceedingly  denfe,  like  oil  of  vitriol  in  vapour. 
After  it  had  been  kept  diflblved,  and  in  a  boiling 
heat,  ibme  time,  it  did  not  cryftalUze  afterwards, 

but 
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but  continued  fluid  and  tranfparent ;  being  then, 
probabljr, .  mere  oil  of. vitriol. 

I  have  not.  yet  been  able  to  inveftigate  all  the  cir- 
cumftances  neceflary  to  this  remarkable  cryft^za-* 
tion,  having  originally  found  it  when  I  had  no  ex- 
pedarion  of  any  fuch  thing,  and  having  often 
failed  to  find  it  when  I  have  expefted  it.  the  niolt 
AU  that  I  can  do,  therefore,  is  to  recite  what  I 
have  obferved,  with  all  the  circumftanccs  that  I  can 
recollc6t  relating  to  the  appearances. 

.  I  had  kept  about  half  an  ounce  meafure  of  oil  of 
vitriol, .  not  quite  faturated  with  nitrous  vapour,  in 
a  fmall  phial,  with  a  ground  ftopper,  .about  a  year, 
in  all  which  time  it  had  ftiewed  no  tendency  to  cryf. 
tallization,  and  from  its  imperfeft  impregnation  I 
had  not  expeded  i^  I  was  intending*  to  complete 
the  impregnation,  and,  looking  at  the  .phial^  had 
taken  out  the  ftopper,  and  put  it  in  agsun,  deferring 
the  procels  till  the  day  following,  when  I  found  the 
phial  almoil  filled  with  the  moll  beautiful  cryflalli- 
zations  imaginable. 

,  Their  form,  as  nearly  as  I  can  defcribe  it,  was 
that  of  a  feather.  They  were  about  twenty  in  num- 
ber, fome  of  them  as  large  as  the  phial  could  con- 
tain, and  many  of  them  parallel  to  each,  other,  but 
others  lying  in  different  direftions.  The  two  parts, 
as  it  were,  of  the  feather  made  an  angle  with  each 

Other 
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otherof  about  160  degrees,  and  each.of  die  fingle 
fibres  dut  compofed  die  ieadier,  but  which  were 
Coipnefted,  like  the  toes  of  a  duck's  foot,  i>y  die 
^ame  fubftance  (but  thinner,  and  more  traniparent 
than  the  reft)  made  an  angle  with  the  ilem  from 
which  they  arofc  of  about  forty  five  degrees.  A 
more  beautiful  appearance  can  hardly  be  imagined, 
and  I  am  afraid  I  fhall  never  fee  the  lik^  again. 

.Having  obferved  thefe  cryftals  foime  days,  and 
feeing  no  fardier  change  in  them,  or  in  the  liquor 
which  covered  them,  and  which  rofe  about  a  quar-> 
ter  of  an  inch  aboye  th^m>  I  poured  the  liquor 
frqm  the  cryftak,  and  fpr  fbme  dme  they  continued 
upright,  exhaling,  a  red  vapour,  which  filled  the 
phia),  3^4  ^t  length  very  much  clouded  and  obfcur- 
ed  it  Tbis;liquor  exa£Uy  refembled  fbong  fmok- 
ing  f{nrit  of  nitre,,  and  feemed  to  have  nothing  of  the 
vitrioUc  acid  in  it. 

After  fom^  dme  the  ctyftak  feemed  to  decay,  and 
fudc  down  in  the  phial,  filling  up  all  the  interftices 
that  had  been  among  them,  fb  as  to  make  one  oim* 
pa£k  mafs,  without  any  thing  of  the  beautiful  ap- 
pearance that  they  made  before.  Hoping  to  repair 
the  injury  diey  had  fufUined,  and  to  reftore  dieir 
beauty,  I  filled  up  the  phial  with  frefh  oil  of  vitriol 
itrongly  impregnated  with  nitrous  vapour,  but  it  had 
no  fenfible  efFeft,  nor  did  any  more  cryftals  of  the 

5  fame. 
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feme,  df  of  any  ocber  fomfl^  Ihoot  oxA  frdm  theitf 
in  maftf  months. 

Having  another  phial  of  oil  of  vitriol  paitly  im-» 
pregnated  wkh  nitrous*  vapour,  and  of  aboot  ehci 
hvtit  {landing  with  the  former^  I  examined  ii!,  and 
feund  it  half  fiUed  widi  trjCtahy  but  thele  \sf  all 
confufedly  at  the  bottom  of  die  phial,  and  thotigh  in 
fcparate  pieces,  of  no  uniform  ihape« 

After  dti^  I  impregnated  three  diflS^retlt  quantities 
of  oil  of  vitriol  with  nitrous  vapour.  Ohc  wni  very 
ftronglf  concentrated,  having  diftilled  oflT  about  half 
die  quantity  of  the  hd^  common  £ortj  the  fttomt 
was  both  diftilled  and  concenthited,  ttid  ^  third 
was  only  of  a  medium  ftrength,  and  the  commoti 
fort,  but  colourlefs.  I  kept  aU  theie  id  the  famd 
fituation,  and  in  about  a  fortnight  that  which  had 
been  fimply  concentrated  began  to  efjrftalli^,  and  \tx 
about  a  formight  more  the  phial  Was  half  filled 
with  cryftals,  fome  of  them  in  the  femi  of  ftathers, 
but  lying  in  different  ditie^tions,  and  not  detached 
feam  each  other,  but  forming  a  compact  ma& 

In  this  ftate  I  left  them,  being  obliged  to  be  ab-^ 
lent  from  my  laboratory  about  three  months ;  and 
at  my  return  I  found  ah  the  phials  full  of  cryfbls, 
but  generally  in  folid  maf&s.  With  few  flich  fea« 
thers  as  I  ha^e  defcribed  above,  add  thofe  very  fhort 
ones. 

Imagining 
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InrMgtftifigditfthis  fifig|ular  cryftallizadon  might 
{K^ibly  be  s^cceletated  by  expofing  the  impregnated 
vitrMiC  ftcid  to  heat,  I  took  a  quantity  of  it 
whkh  had  contimied  a  confiderable  time  with* 
put  cryftaUizingi  and  confined  it  in  a  glais  tube 
ihree  £bet  long,  and  half  an  inch  in  diameter, 
The^  holdii^  it  to  the  fire^  I  obferved  that  the  acid 
emitted  red  y^ur^  iivhicfa  filled  the  whole  tube^ 
inut&iy  as  would  ha:^  been  die  cafe  with  Ipuit  c^ni* 
tre  itfelf.  When  it  was  cold  many  fmall  cryftala 
were  ftatteied  aU  over  the  tube  above  the  furfiice 
of  the  liquor,  and  die  upper  part  of  it  was  red|  be« 
\ag^  I  fuppofe,  die  fpirit  of  nitre  that  had  been 
driven  oxit  of  it  by  the  heat,  as  being  more  volatile 
ihan  die  vitriolic  acid, 

I  have  already  obferved  that,  to  appearance,  die 
vkriolic  add  impregnated  with  nitrous  vapour,  was 
nodiiiig  but  nitrous  acid,  after  the  complete  ferma- 
tion  <^  the  cryftals,  and  by  expertnoent  I  fouod 
It  to, be  fa  For  dihiting  it  with  water,  and 
difiblving  iron  in  it,  in  a  phial  with  a  ground  ftop*- 
per  and  tube,  in  the  manner  in  which  I  ufualiy  pro- 
duce nitrous  air,  it  yielded  this  kind  of  air  only, 
witbout  any  nuxture  ctf  inflammaUe  air ;  which  I 
have  formerly  obferved  is  the  cafe  when  the  vitrioiic 
and  ostrous  acids  are  mixed  together,  and  emfdoy*- 
ed  ui  dhe  iblutioo  bf  iron,  the  nitrous  air  coming 
firi9:>  aad  the  inliammabk  ur  afterwards. 
Vol.  III.  M  Here, 
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Here,  indeed,  a  very  foiall  quantity  of  the  laft 
produce  burned  with  a  lambent  flame  j  but  this  I 
have  obferved  to  be  the  cafe  with  the  laft  produce 
from  iron  and  the  nitrous  acid  only,  when  the  pro- 
cefs  was  urged,  as  it  was  now,  with  the  fkmc  of  a 
candle.  The  water,  when  this  acid  was  mixed  with 
it,  fparkled  very  much,  yielding,  I  doubt  not,  ni- 
trous air.  But  thi$  circumftanoe  only  proves  it  to 
have  been  highly  charged  with  phlogiflicated  nitroi» 
vapour. 

Here  then  is  a  caie  in  which  the  nitrous  acid  ap- 
pears to  have  a  ilrong^r  affinity  with  water  than  the 
vitriolic ;  for  in  a  courfe  of  time,  it  intirely  expels 
the  vitriolic  acid  from  it,  and  unites  with  it  itfelf ; 
all  the  vitriolic  acid  being  precipitated  in  the  cryftah 
that  confift  of  both  the  acids. 

Cryftals  fimilar  to  thefe  may  be  produced  at  plea** 
iure,  if  the  vitriolic  acid  be  highly  concentrated^ 
and  the  nitrous  vapour  very  copious  $  but  they  will 
appear  on  the  fides  of  the  plual^  and  not  in  the  body 
of  the  acid  itfelf. 

When  the  vitriolic  acid  is  nearly  faturated  with 
the  nitrous  vapour,  hold  the  phial  (which  (hould  be 
£  large  one,  containing  about  a  quart)  and  turn  it  (b 
as  to  moiften  all  the  infide  of  it.  Then  immediately 
throw  in  a  very  copious  nitrous  v^ur,  fo  that  the 
whole  phial  ihall  be  intenfely  red,  and  running  over  s 
after  whichput  in  the  ftopper,  and  let  iuemain  quite 

ftilL 
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ftUl.  The  upper  part  of  the  oil  of  vitriol  will  then 
be  of  an  orange  colourj  and  all  the  fides  of  the 
jdiialj  and  elpecially  the  parts  towards  the  bottom, 
will  foon  be  quite  covered  with  thofe  cryftals,  but 
of  different  fiTses.  By  degrees  they  will  be  formed 
on  the  fur&ce  of  the  acid  ;  but  in  a  few  hours  af- 
terwaixls,  when  the  nitrous  vapour  is  equally  dif- 
tributed  throu^  the  body  of  the  oil  of  vitriol^  all 
thefe  cryftals  will  difappear. 

By  repeating  thb  proceis^  one  half  of  the  whole 
body  of  vitriolic  acid  will  be  cryftallized  in  an  irre-* 
guhr  manner,  :as  if  it  was  cong^ed.  When  I  have 
poured  the  whole  of  this  fenu-congealed  mafs  mto  a 
Imaller  phial,  juft  large  enough  to  contain  it,  the 
coagulated  part  has  fublided  to  the  bottom,  and 
other  cryftals  have  gradually  formed,  Ihooting  with 
£bme  regularity  from  it  into  the  middle  of  die  iu- 
perincumbent  liquid,  which  has  always  become 
more  pellucid,  and  approached  more  to  the  colour 
of  ipirit  of  nitre,  in  proportion  as  the  cryftals  have 
extended  themielves. 

Finding  that  all  the  acid  of  vitriol  was  contained 
in  the  cryftals,  and  that  the  fuperincumbent  liquid 
became  in  dme  pure  fpirit  of  nitre,  I  was  defiroua 
of  knowing  whether,  if  there  (hould  be  any  phlo- 
giftic  matter  previoufly  contained  in  the  oil  of  vi- 
triol, the  phlogifton  would  be  retained  in  the  cryf- 
tals, or  pafs  into  die  fpirit  of  nitre. 

M  a  With 
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With  this  view  I  diflblved  a  fmall  quantity  of 
bees-wax  in  highly  concentrated  oil  of  vitriolj  mak* 
ing  it  thoroughly  black,  and  greatly  incftafing  its 
vifcidity ;  and  afterwards  I  impregnated  it  with  ni- 
trous vapour,  and  (hut  it  cioie  up  in  a  fmall  phial. 
After  fome  weeks  the  cryftak  began  to  form,  and 
they  were  intircly  white,  juft  as  if  the;  vitriolic 
acid  had  been  pure.  The  procels  is  not  yet  com- 
pleated  \  but  I  expert  that  the  nitrous  acid  win 
be  highly  phlogiliicated.  Does  not  this  experi- 
ment feem  to  prove,  ^lat  the  nitrous  acid  has  a 
ftronger  aflinity  with  phlogifton  than  the  vitri- 
olic ?  The  fa6t  is  certainly  a  pittty  remarkable 
one. 


SEC- 
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SECTION    XVII.  . 

Of  the  ASim  rf  Nitrous  Vapour  upon  Jome  foRd 

SuifiMces. 

WITH  reipeft  to  the  articles  itientioned  in  the 
title  of  diis  feftion,  I  have  not  dohe  muchs 
btit  fbme  of  the  obiervations  that  I  have  made  will 
be  found  tx>  be  ctiridus. 

Confidering  the  extraordinary  (Irengdx  of  the  ma^ 
rine  acid  vt^xnir^  i  waa  defirous  of  trying  whether 
die  nkrous  acid  in  the  fanne  form  would  have  the 
&ttie  power,  iriz»  diat  of  decompofing  fubftances 
into  whidi  the  vitriolic  acid  entered  i  and  I  nuuie 
die  esq^eriments  ysgan  fuipbur^  and  alum.  But  it 
did  not  appear  that  the  vitriolic  acid,  in  either  of 
thefe  cafeSy  was  diflodged  by  the  nitrons;  owing^ 
perhaps,  to  the  nitrous  acid,  in  this  cafe,  being  par- 
tially faturated  with  phlogifton,  though  uncombined 
with  water.  The  fulphur  was  unchanged,  but  the 
ahim  was  rendered  white  and  opaque ;  an  efieft 
which  I  have  obferved  to  be  produced  by  alkaline 
air  J  the  acid  in  this  cafe,  as  the  alkali  in  that,  hav« 

M  3  ing 
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ing  feized  upon  the  water  that  is  contained  in  this 
faline  fubftance. 

Common  fdt  imbibed  this  nitrous  vapour ;  but 
whether  its  acid  was  diflodgedt  or  its  water  only  was 
feized  upon,  I  did  not  examine. 

As  fpirit  of  nitre  mixed  with  earth  yields  dephlo* 
^iticated  air,  1  was  willing  to  try  whether  die  ni-« 
trous  vapour,  without  water,  would  have  the  fame 
efFeftj  and  I  made  the  trial  mt^  flowers  of  zinc, 
and  red  lead ;  the  former  beii^  of  a  darkifti  colour, 
and  containing,  I  believe,  more  phlogifton  thah  the 
whiter  flowers  of  zinc. 

Havmg  frequendy  thrown  a  ftream  of  this  va^ur 
upon  a  quantity  of  thefe)fonr^rj  of  zinc,  I  put  them 
into  a  gun  barrel;  and  from  one  dunce,  one  penny- 
weight, fix  grains,  weig^ied  afbr  the  iaturation  (for 
I  had  negleded  to  do  it  before)  I  expelled  oply  jGx 
or  eight  ounce  meafures  of  air,  half  of  which  was. 
fixed  ^r,  and  the  remaiixler  phlogiflicated  s  owing» 
perhaps,  to  (he  gun  barrel^  but  perhaps  alfp,  in 
part,  to  the  phlo^on  contained  in  this  calx.  The 
materials  carefully  collefted  alterwt^xls  weighed  one 
ounce  feventeen  gnuns. 

But  the  efiefb  of  this  vapour  upon  red  lead  i$  ex«- 
ceedingly  remarlfLable.  Common  fpirit  of  nid-e  mix* 
ed  with  this  fubftance  makes  it  of  a  deeper  ned,  dU 
at  Idft  it  is  almoft  black ;  but  the  mtroys  y^pouTj 

aftcf 
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after  deepening  the  colour  of  it  a  little^  changes  it  into 
a  perfedty  whUe  and  brittle  Juhfiance^  at  the  fame 
time  heating  it  exceedingly. 

To  produce  thb  change  in  the  red  lead,  I  founds 
after  many  trials^  that  I  fiicceeded  belt  by  firft 
flighdy  moiftening  the  infide  of  a  glafs  jar,  and,  by 
applying  the  red  l«d  to  every  part  of  it,  giving 
the  jar  as  thick  a  coating  of  it  as  I  could  ;  and  af- 
ter this  dirowing  the  vapour  into  it,  by  inferdng  the 
tube  through  which  it  iflued  very  deep  into  the  jar. 
By  this  means  there,  was  expofcd  to  the  nitrous  va- 
pour iiirfiure  enoiigh  to  imbibe  it  all,  without  fulFer- 
ing  any  part  of  it  to  go  over  the  mouth  of  the  jar. 
It  is  remaikable  that,  in  thi$  experiment,  the  red 
lead  that  is  neareft  to  the  glafs  becomes  white  firft  \ 
and  it  adheres  to  the  ^als  fo  cloiely,  as  to  require 
the  edge  of  a  fharp  knife  to  fcrape  it  ofE 

I  thought  that  by  filHng  the  fet  of  phials  with  red 
lead,  and  making  the  vapour  pafs  through  them  all 
in  fucceifion,  I  fliould,  in  the  eafieft  manner,  get  a 
quantity  of  this  new  kind,  of  white  lead.  But  I 
only  found,  after  continuing  the  procefs  a  confider^ 
able  time,  that  the  red  lead  in  the  firft  phial  be* 
came  very  flighdy  white,  juft  at  the  bottpm  where 
the  vapour  entered  it,  and  allq  in  a  circk  clofe  to 
the  glais  at  the  top ;  and  that  near  the  top  of  the 
lecond  phial  there  was  a  fimtlar  circle,  but  not  near 
{q  white,  while  the  reft  of  the  lead  was  of  a  darker 

M  4  colour. 
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coldur.  But  tbe  ^hcfe  <|iuDidty  vas  oonfidcraUjr 
increafed  in  we^t  hf  thb  mesios.. 

Being  willing  to  exannte  Hiuit^tir  His  ^trlute  kad 
ytmid  ^eld>  I  firft  put  a  quahtirir  of  it  .iniD  a  gun 
barreli  and  prefeotly  Ibund  diat  it  yielded  a  rerj 
great  quantity  of  air,  the  firft  produce  of  iijiich  was 
BMious,  and  the  laft  dephlog^cated.  Afiser  tbe 
proccis  the  materia  had  becnmie  iad^  exa&Iy  as 
red  kad  ufed  to  do  indie  fame  degree  of  heat. 

I  then  put  into  a  glafs  velTei  a  quanQty  of  thit 
white  kad)  weighing  one  ounee,  one  pennyweigki:^ 
ierenteen  grains*  The  produce  was  fiir^  fimr 
ounce  meaiures  ^f  sdr }  of  which  a  {tmh  part  at  the 
fitft  was  phk^ifttcated,  but  all  the  ocft  waa  exceed* 
ii^ly  pure.  A&er  the  procefi  the  maceridb  wtti^»d 
ferenteen  pennyweights,  as  xiear  as  I  coidd  eftimatt 
it,  for  the  lower  part  of  the  noafterials  were  Titrified^ 
iod  CDu]dnot  be  feparated  from  the  bottom  of  the 
glafivefloL  The  reft  of  the  niaQuials  diat  had  not 
been  vitrified  were  of  the  ian^e*  coniiftence,  and  co« 
lour,,  with  that  which  remaihs<  after  the  ianrte  pro* 
eels  with  red  .kad,  with-or  without  fpirit  of  nitrri 
via.  the  upper  part  red,  and  die  lower  yellow. . 

Though  this  white  lead  was  perfeS^dry  and  brit^ 
ck,  a  con&krable  quantity  of  moiftnre  aune  over 
during  the  procefs,  at  firft  traniparcnt,  but:  afiert 
wards  yellow ;  and  the  infideoftheglaistubtthrougtk 
wjiich  the.  air  and  moifture  were  conveyed,  was 

coated 
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oMtcd  wkh  a  wine  fubftance^  but  mw:  m^  glafi 
yefiel  it  was  yefiow.  T^e  oiriiad  teen  etoeeditigly 
Ciicbid^aiidthewMsrempdo^MccdfeiSb  icw|ts  ^ety 

acid,  and  ykldedl  mudi  w^t  whi^>  no  d(^bt,  wai 
nitrous* 

Another  coivfe  of  expeiiments  on  the  prefmce 
of  nktom  acid  in  di^  cdcoi^  of  metals,  t^^^ng 
light  on  the  im^gnatioii  of  iTiinkim  wiA  ^ib- 
g^catttl  nkroua  add  vapour,  I  fliatt  infeit  tkciA 
in  this  olace. 

AM  4ie  aiwiu^  fnetsdfic:  fali^ 'have  been  diftin^ 
gntihed  hy  dieir  property  of  deliqu^etuei  but  in  my 
experiment  wiA  a  long  oontinued  fand  heat^  I  pro- 
duced two  of  thefe  faline  fubftances,  which  did  not 
^Miqixifes  at-  alL  They  were  produced  from  di- 
luted ibtodons  of  copper  and  of  n^rcury  in  the 
uitious  4€id.  The  cry(tatii^ation^  were  fepfned 
during  the  a&ion  of  heat,  in  glaf&n^efitiis  hcrmefi^ 
etXtfi  feakd;  a«i  diey  were  diflolmod  again:  in  the 
lanie  menftruuai,  when  it  was  cold.  But  when 
die  Teflek  wece  bmbcn,  and; the  faline  fubfiances 
were  ex|iafed  to  the  aifi  !tbe^  attra&cd  no  humidity 
at  all  ^  and  ytt  they  were  noe  fnere  calct^  bccfeiuft 
they  wece  esiceedingly  caufttc,  .and  >  had  a  moft  dif- 
agreeable  tade*  I  have  fitoe  produced  a  faline 
iiibftance  of  this  kind  frora  trm  in  a  much  lefk  fpaM  - 
of  doie,  and  the  esiaminauon  of  it  may  throlv:  Jomc 

light  on  the  conftitution  of  tl}C  others. 

A  diluted 
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'  A  4ihited  £)lutioo  of  iron  in  nitrous  aicid,  being 
only  expoied  one  day  to  a  pretty  Ikrong  iand.heat^ 
in  a  glais  tube  hermedcaUy*  feated>.  all.  the  iron 
feemcd  tx>  be  precipitated^  and  the. liquor  was  left 
nearly  colourleis.  This  liquor  afterwards  diflblved 
iron  as  before^  fo  that  the  aftion  of  heat  in  thefe 
circuQoflances,  viz.  under  a  ftrong  preffiire>  and 
w)>eB  nothing  can  elcape  into  the  open  air,  ieems 
to  oblige  the  acid  tp  quit  its  hold  of  the  metai> 
in  a  great  meafure.  It  is  indeed  the  property  of 
nitrous  iblutions  (^iron,  diat  ^y  will  always  make 
a  depofit^  and  then  diflolw  more  msi, .  I  believe 
without  limit  \  but  then*  the  coloiir.  of  the  acid 
always  continues  red. 

.  By  this  proceis,  tfaei]efore>  this .  remarkable  pro<« 
petty  of  the  nitrous  ^id  feqB3  to  be  incrcalfid  with 
reiped  to  iron,  and  niay  perhaps  be  extended  to 
the  other  metals. 

The  iron  precipitate  was  by  no  >  means  a  mere 
cabc;  for  it  had  a  very  acrid  tafte* 

With  copper  a  confiderable  time  feems  to  be 
abfoluteiy  requifite  to  produce  thefe  non-deliquef- 
cent  cryftak,  as  appears  from  the  following  ex- 
periment which  was  likcwiie  attended  with  fi>me 
other  circumftances,  that  I  am  not  4ibk  to  ex|^in. « 
A  quantity  of  a  weak,  but  Saturated  folucion  oicof^ 
pep  in  ^nrit  of  nitre,  which  had  been  expofed  to  a 
fand  heat  about  a  week;  and  in  which  fome  cryfials 

were 
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were  foiined»  had  many  more  cryftals  formed  in 
it ;  fo  as  .t6  become  like  a  ihtn  pafte,  prefendy 
after  it  was  poured  out  of  the  tube.  But  when 
die  whole  mafi  was  diflblved  by  heat,  in  the  open 
air,  '^and  then  dried,  it  became  perfe£Uy  deliquef- 
cent  I  unlike  that  which  had  cryftillized  before  in 
a  longer  continued  heat 

That  excellent  philofopher,  .and  moft.  .amiable 
man,  Mr.  Fabroni,  who  is  as  communicadve  ^  he 
is  inteU^nt,  informed  me  that  the  calx  df,  tin 
would  dephlogifticate  ^'iidt  of.  nitre,  and  deaivek 
colourlefi.  This  I  found  to  be  true  v  but  then  £ 
found  diat,  together  with  its  colour,  the  acid  Idft 
almoft  all  its  ftrength.  And  trying  other  metals, 
I  preiendy  found  that  the  earths  of  all  pf .  them 
have  a  remarkably  ftrong  affinity  with,  the  nitrpu^ 
acid,  and  firmly  uniting  with  it  and  a  little  water 
widi  which,  it  is  combined,  make  together  a  per- 
{tOd^  dry  fubftance,  quite  unlike  what  it  was  be-* 
fore  I  the  water  being  no  more  apparent,  than  it  is 
in  dry  flaked  lime*  But  heat  will  difcover  the 
water  in  botji  the  cafes. 

Of  this  kind  of  calx,  which  I  think  we  may 
properly  term  tdtrated^  is  the  white  minium,  which 
I  had  before  procured  by  faturating  red  lead  with 
nitrous  vapour  5  the  phenomena  of  which,  as  I  have 
found  them  to  extend  to  other  metals,  I  now  un- 
^erfbuid  better  than  I  dki  before.    I  thought  it 

fomC'' 
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ibmething  extraordiiilty,  that  a  red  fubftatice^  ISce 
minium^  fhoul4>  by  the  addition  of  a  red  and  highly 
phlogifticated  vapour,  become-  a  white  fubftancCp 
But  I  find  that  all  the  metallic  calces  on  which  I 
have  tried  the  experiment  da  alfo  become  white, 
when  they  ate,  in  Hke  manner^  iktorated  with  ipim 
of  nitre ;  and  that  this  may  be  efitAed  by  m  much 
eaiier  ptocefs  than  Ltfaoc^  of  before. 

The  produdion  of  the.  red  vapour  of  f|Nrit  of 
nitre  by  means  of  bifnnathy  and  other  metals  of 
wfaiGh  k  makes  a  rapid  £dudon,  will  be  a  difficult 
and  unpieafant  procefs  to  moft  pedbns  \  and  thoft 
who  are  iDoft  expert  in  ei^>eriments  of  this  kind, 
wiU  be  obliged  to  maike  feveml  trials  befim  they 
focceed  to  thetr  wifh,  in  fome  of  the-  eyperimena 
that  I  have  reported.  But  I  now  make  all  diefe 
nitrated  calces  by  means  of  the  fimple  diftiUa* 
tion  ef  weak  fttuntted  fekiMons  of  any  of  the 
metals. 

In  this  procefs  the  greatoft  part*  of  die  water  is 
evaporated^  and  theackl,  together  with  a  finail  por« 
tion  of  the  water,  firmly  unites  with  the  cabt  of  the 
meeal,  and,  tog^her  urith  all  the  phlogiflxxi  that 
the  metal  contained,  is  depofited  in  the  form  of  a 
white  powder,  which  is  incapable  of  being  re-dif« 
iblved,  either  in  the  lame  menftruum,  or  in  water. 
This  depofit  of  white  matter  is  made  during  the 
whole  courfe  of  the  diftallation,  in  which  nothing 

comes 
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comes  over  but  water  1  wd  die  whole  of  the  me- 
tallic cahc  becomes  a  white  nicrated  powder,  as  de* 
fcribed  above.  This,  at  kaft,  is  the  cafe  with 
copper;  and  though  I  did  not  make  the  experi- 
ment in  the  fame  manner  wkh  tin^  the  phenomena, 
in  a  fimifar  procefs,  were  the  very  fiunt.  There 
WiU  probably,  however,  be  conHderabte  dififerMces 
when  the  pticefi  is  extended  to  other  metab. 

In  diftiUing  a  quantity  of  diat  foludon  of  copper, 
wfakh  remains  after  making  nitrous  air  (of  which 
about  one  nvi^ntieth  part  is  (Irbng  ^vnt  of  nitre, 
and  the  reft  water)  but  fully  fatursted,  there  came 
ever  a  tran^ttirent  liquor,  which  had  little  or  no 
tafte ;  and  from  the  vtry  beginning  of  the  prooe&, 
I  ohferved  a  conitant  depofitlon  of  white  matter, 
which  kept  increafing,  tUl  the  greateft  part  of  the 
fluid  was  expelled  This  matter  I  coUe&ed  and 
dried,  when  it  remained  a  perfeAly  white  powder, 
but  was  eafi]y  difcovered  to  contain  much  con- 
centrated nitrous  acid.  For  when  I  expoied  it  to 
heat  in  a  glais  tube,  it  emitted  a  Copious  red  vapour, 
tc^etber  with  a  good  deal  of  liquid,  and  exhibited 
all  the  phenomena  that  I  had  before  dilcovered  in 
^\Mt  nitrated  minium,  and  in  the  calx  of  dn,  on 
which  I  had  diflailcd  fpuit  of  nitre.  For/  begin- 
Biag  iradl  die  idea  diat  Mn  Fabront  had  given  me, 
I  firft  put  the  ipirit  of  nitre  upon  the  calx  of  tin, 
and  afterwards:  upon  ihe  tin  idclf;  but  I  had  the 

fame 
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fame  produce  of  white  nitrated  powder  at  the  laft. 
That  calx  of  tin  which  was  yellow  was  made  per* 
fe6):ly  white  by  the  dillillation  of  ipirit  of  nitre 
upon  it. 

The  experiment  of  lead  I  made  in  a  difierent 
manner,  as  follows.  I  difiblved  feven  pennyweights 
of  lead,  in  fpirit  of  nitre  n;iixed  with  dx>ut  an  equal 
quantity  of  water,  when  Ibme  air  was  produced, 
but  not  much.  The  bulk  of  what  remained  was 
a  white  powdery  fubftance,  covered  wi^  a  fmall 
quantity  of  Uquid,  at  firft  green,  but  afterwards 
'  craniparent.  Transferring  the  whole  into  a  cup, 
and  rincing  the  phial  in  which  the  folution  had  been 
made,  I  obferved  that  the  white  fubftance,  which 
was  nitre  ofkady  was  immediately  diflblved  by  the 
water.  Placing  the  cup  in  which  the  whole  was 
contained  near  the  fire,  it  became  almoft  all  liquid, 
and  traniparent,  the  menftruum  being  enabled  by 
heat  to  hold  in  folution  a  much  greater  quandty  of 
this  nitre  of  lead. 

When  by  this  expofure  to  heat,  all  the  moifture 
was  evaporated,  and  it  was  made  perfectly  dry,  it 
weighed  eight  pennyweights,  fo  that  there  was  an 
addition  of  one  pennyweight  from  the  acid  and  the 
water  that  were  now  latent  in  this  calx.  In  this 
manner,  however,  it  was  brought  to  the  fame  ftatc 
with  the  nitrated  calces  of  copper  and  tin  above- 
mendoned.     For  when  heat  was  applied  to  this 

w^te 
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wlute  f ubftaiice,  a  red  vapour  ms  expdkd  fiom  ic^ 
but  ieemingly  combined  nvith  more  water. 

Having,  in  this,  or  ibme  other  fimilar  manner, 
procured  white  nitrated  calces  of  Uad^  zinc,  copper, 
and  tin,  I  inrcbfed  a  litde  of  each  in  ieparate  glais 
tubes ;  and  then,  with  a  blow  pipe,  applied  to  th^m 
the  flame  of  a  candles  when  they  all  emitted  red 
vapour,  and  as  foon  as  the  tubes  were  quite  filled 
with  it,  I  doled  them  all  hermetically,  before  any 
air  could  be  admitted. 

Letting  thefe  tubes  remain  ibme  days,  I  obierved 
that  the  red  vapour  was  re-abibrbed  by  all  the  calces, 
but  leis  flowly  by  the  cabc  of  lead  than  by  thofe  of 
thi  or  copper,  and  moft  quickly  by  that  of  zincJ 
N.  B.  I  found  it  exceedingly  difficult  to  «xpel  all 
the  moifture  from  the  folution  of  zinc  in  fpirit 
of  nitre;  but  when  this  was  efiedted,  I  had  a 
true  nitrated  calx  of  thia  metal,  as  well  as  of  the  ' 
reft. 

This  experiment  difcovered  to  me  a  miftake  I  ' 
was  under  with  refpeft  to  my  lad  directions  for 
filling  of  glafs  tubes  with  the  red  vapour  of  fpirit 
of  nitre.  Inftead  of  doing  it  diredly,  from  the 
fbludon  of  bifmuth,  which  is  a  difficult  and  dif* 
agreeable  operation,  I  adviled  to  procure,  in  the  firft 
place,  a  quantity  of  what  I  now  call  mtrated  calx  ef 
leadi  and  putting  fome  of.  it  into  a  glafs  tube,  dofed 
at  one  end,  to  heat  it  till  the  whole  tube  be  filkd 

with 
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with  the  led  vapour,  and  then:  kninedistefy  toCbil 
it  hermeticaUjr.  This  dire&ion  will  ilill  be  rigMt 
proyidcd  that  prefcody  afterwards  that  fnd  of  the 
tube  which  concaisis  the  r6tr9toi  calx  of  lead  be 
taken  off,  hj  melting  the  tube  juft  beyond  it,  which 
indeed  I  then  alfe  adrifed  to  do,  .tkong^  I  had 
not  difcovei^d  the  principal  reaiba  for  it.  For 
if  the  white  calx  from  which  the  red  yapour  was 
cxp^ed  be  fuffered  to  remain  long  in  the  tube^ 
it  will  re- imbibe  the  whole  of  iL  But  then  die 
vapour  may  be  expelled  again  by  heat,  and  imJl 
ixxxdnue  to  fill  the  tube  a  confiderable  time. 

When  I  firft  produced  the  nitnued  cah  of  leac^ 
it  was  by  means  of  a  rapid  Ibtodoa  of  pieces  of  bif- 
muth ; '  and  the  vapour  was.  conveyed  immediately 
frofm  the  veflel  in  which  the  iblution  was  made^ 
through  a  heat  tube  connected  with  it,,  into  the 
other  veflel,  in  which  I  had  .placed  die  red  lead. 
But  this  vapour,  as  I  then  obferved,  was  by  no 
means  dry ;  and  fmall  drops  of  a  very  Uue  Ipirit 
of  nitre  were  frequendy  fidling  from  the  end  of  the 
tube  out  of  wbidi  the  vapour  iflued.  This  d(^;ree 
of  moiifajre  I  find  gready  facilitates  the  abfospcion 
of  the  vapour. 

Willing  to.  try  the  e£S:6b  of  a  perfcftly  Jry  nitrous 
vapour,  I  made  the  iblution  widi  the  appanous 
defcribed  PL  V.  fig.  3,  in€erpofing  one  of  the  in- 
verted phials  between  the  two  veiTels  that  I  made 

I  uie 
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life  of  tefbre;  and  at  firft  I  concluded  that  this 
dry  vapour  would  not  be  imbibed  by  the  minium 
at  all.  But  I  found,  after  fome  days,  during  which 
it  had  been  confined  in  a  phial  with  a  ground  flop- 
per,  together  with  fome  minium,  that  it  was  com- 
pletely abforbed^  and  the  red  lead  became  white  as 
before. 


SECTION    XVIII. 

Of  the  firing  of  inflammahle  jlir  in  the  Vapour  of 

nitrous  Acid. 

CONSIDERING  inflammable  air  at  firfl:  as  air 
united  to,  or  loaded  with  phlogifton^  I  expofed 
to^  it  feveral  fubftances,  which  are  faid  to  have  a  near 
atffinity  with  phlogiilon,  as  oil  of  vitriol,  and  ipirit  of 
nitre  (the  former  for  above  a  month)  but  without 
making  any  fenfible  alteration  in  it. 

I  obferved,  however,  that  mflammable  air,  mixed 
with  the  fiimes  of  fmoking  Ipirit  of  nitre,  goes  off 
at  one  explofiion>  exaftly  like  a  mixture  of  half  com- 

Vol.  III.  N  moh 


178  OBSERVATIONS   OK  PoTt  h 

ipon  and  half  inflammaUe  air*    This  I  tried  feveral 
times,'  by  dxrowing  the  infkmmahk  air  into  g  phia) 

'^full  of  ipirit  of  nitre,  with  its  mouth  immerfed  in 
a  bafon  containing  fbme  of  the  fame  iptrit,  and 
then  applying  the  flame  of  a  candle  to  the  mouth 
of  the  phial>  the  moment  that  it  was  uncovered, 
after  it  had  been  taken  out  of  the  bafbn. 

This  remarkable  efFeft  I  haftily  concluded  to 
have  arifen  from  the  inflammable  air  having  been 

.  in  part  deprived  of  its  inflammability,  by  means  of 
the  flronger  aflinity,  which  the  fpirit  of  nitre  had 
with  phlogifton,  and  therefore  I  imagined  that  by 
letting  them  fland  I6nger  in  contad,  and  eipecially 
by  agitating  them  ftrongly  together,  I  Ihould  de- 
prive the  air  of  all  its  inflammability  s  but  neither 
of  thefe  operations  fucceeded :  for  ftill  the  air  was 
only  exploded  at  oz^e,  as  before. 

And  laftly,  when  I  pailed  a  quantity  of  inflam- 
mable air,  which  had  been  mixed  with  tl>c  fumes 
of  fpirit  of  nitre,  through  a  bp4y  of  wa^er,  and  re«* 
ceived  it  in  another  veflel^  it  appeared  not  to  have 
undergone  any  change  at  all,  for  it  went  off  ia 
feveral  fucceflive  explofions,  like  the  pureft  inflame 
mable  air.  The  cfie45^  above-mentioned  mirft^ 
therefore,  have  been  owing  to  the  fumes  of  tba 
ipirit  of  nitre  fupplying  the  place  of  conunon  air 
for  the  purpofe  of  ignition^  which  is  analogcni8^9 
other  experiments  with  nitre. 

I  have 
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I  afterwards  diverfifi^  this  experiment,  and 
obferved  feveral  new  circunriftances  relating  to  it, 
and  fbme  of  liie  refults  are  fuificiendy  curious. 
They  fiilly  confirmed  my  former  obfervation,  with 
thefe  additions,  that  fpirit  of  nitre  takes  phlogifton 
ixora  inflammable  sur,  becommg  of  a  deeper  colour 
by  this  communication  with  it ;  that  when  the  fpirit 
of  nitre  is  weak,  and  phlogifticated,  as  when  it  is 
blue,  or  green,  the  inflammable  air  agitated  in  it 
rtfembles  a  miiLture  of  nitrous  and  inflammable 
air  5  and  that  when  the  fpirit  of  nitre  is  ftrong,  and 
vtiY  pui^>  inflammable  air  agitated  in  it  explodes 
in  the  lame  manner  as  it  does  in  conjunction  with  - 
dephlogifticated  air.  And,  laftly,  what  is  as  re- 
markable as  any  of  thefe  fa6ts,  is  that  this  efieft  of 
the  nitrous  acid  is  of  no  long  continuance.  The 
fa£b,  as  I  obferved  them,  were  as  follows. 

Having  filled  a  tall  jar  with  ftrong  yellow  nitrous 
acid,  inverted  in  a  baibn  of  the  fame,  I  difplaced  . 
the  whole  of  it,  by  introducing  a  quantity  of  inflam* 
mable  air ;  and  then  applying  a  candle  to  the  mouth 
of  i^  die  flame  defcended  from  the  top  to  the  bot- 
tom. At  the  fame  time  the  jar  was  filled  with  a 
red  vapour;  and  havmg  repeated  the  experiment 
feveral  times  with  the  fame  acid,  the  whole  of  it 
became  much  redder  than  it  was  before.  A  jar 
being  half  filled  with  this  acid,  a  candle  let  down 

N  2  into. 
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into  it  burned  naturally,  but  I  think  rather  better 
than  in  the  open  air. 

In  the  colourlefs  fpirit  of  nitre*,  which  is  the 
leaft  impregnated  with  the  acid,  the  explofion  was 
not  different  from  what  it  would  have  been  if  the 
phial  had  been  previoufly  filled  with  water  only. 

When  this  experiment  was  made  with  the  green 
or  the  blue  fpirit  of  nitre,  and  eipecially  the  lattery 
which  is  lefs  acid  than  the  former,  the  candle  burn« 
ed  with  a  blue  lambent  flame  in  the  neck  of  the 
phial,  juft  as  if  a  fmall  quantity  of  nitrous  air  had 
been  mixed  with  the  inflammable.   ^ 

In  the  fpirit  of  nitre  which  is  green  tinged  with 
yellow,  which  is  the  utmoft  eflTedt  of  the  impreg- 
nation of  lyater  with  the  nitrous  acid,  the  infiam^ 
xnable  air  went  off  with  a  loud  explofion,  almoft 
like  a  mixture  of  inflammable  and  dephlogifiicated 
air. 

In  the  preceding  experiments,  the  inflammable 
air  was  fired  immediately  afiier  it  had  difplaced  the 
fpirit  of  nitre,  without  allowing  any  time  for  their, 
mutual  influence,  and  without  agitation.  In  the 
following  experiments  the  efFefts  of  thofe  circum* 
fiances  were  tried. 

Having  introduced  a  quantity  of  inflammable 
air  into  a  phial  previoufly  filled  with  ftrong  fpirit 
of  nitre,  inverted  in  a  bafon  of  the  fame,  and  al- 
lowing 
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lowing  it  to  continue  in  that  fituadon,  I  obferved 
that  the  air  loon  began  to  increafe  in  bulk,  and  iri 
a  few  hours  it  was  one  fixth  more  than  it  had  been. 
The  next  morning,  when  I  obferved  that  it  had 
increafcd  very  little  more^  I  agitated  it ;  when,  in 
about  a  minute,  it  was  increafed  again  one  fifth> 
but  more  agitation  hardly  produced  any  fenfiUe- 
cfFed.  Upon  this  I  applied  to  it  the  flame  of  a 
candle,  when  it  went  off  with  a  very  loud  explofion,- 
in  all  reipefls  like  a  mixture  of  dephlogifticated 
and  inflammable  air.  Going  over  the  fame  procefe 
with  blue  fpirit  of  nitre,  the  increafe  was  much, 
quicker,  and  more  conliderable ;  in  all,  one  fourth 
of  the  whole.  But  it  was  redqced  by  ag^catioa 
precifely  to  its  former  dimenfions,  and  when  1  ap* 
plied  the  flame  of  a  candle  to  it,  it  burned  with  a 
green  flaine,  exadly  like  a  mixture  of  nitrous  and 
inflammable  air. ' 

It  is  calily  inferred  from  thcfe  experiments,  that 
the  (bong  yellow  fpirit  of  nitre,  which  contains  the 
moil  acid  with  the  leafl  phlogifton,  fupplies  the  in* 
flammable  air  with  a  fpecies  of  vapour ^  that,  by. 
readily  uniting  with  its  phlogidon,  promotes  the 
accenfion  of  it,  and  thereby  increafes  the  force  of 
its  exploiion ;  whereas  the  weaker  and  phlogifticated 
acids  feem  to  impart  to  it  an  additional  quantity 
of  phlpgiftonj  making  it  to  be,  in  parti  nitrous 
air. 

N3  It 
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It  is  very  remarkable  that»  whatever  be  the  ef«» 
(t&,  of  the  nitrous  acid  on  inflammable  air  in  die 
circumftance  above-mendoned,  it  is  not  in  the 
fmalleft  degree  permanent  i  and  that  nothing  be- 
longing to  the  acid  enters  properly  into  the  con« 
flitution  of  the  inflammable  air,  ib  as  to  remain 
with  it  For  if  it  be  transferred  from  the  phial  out 
of  which  it  had  expeUed  the  nitrous  acid,  and  in 
which  it  would  have  exploded  all  at  once,  into 
another  phial,  pafllng  through  a  body  of  water,  it 
immediately  becomes  the  lame  thing  that  it  had 
been  before,  making  a  great  number  of  imall  ex« 
plofions  in  the  mouth  of  the  phial  only,  as  I  hod 
obierved  formerly,  and  alfo  upon  this  occafion. 

It  is  ftill  more  remarkable,  that  if  the  inflam** 
mable  air  continue  long  in  the  vapour  of  ipirit  of 
nitre,  and  be  fired  in  it,  without  ever  being  removed 
from  it,  it  returns  to  its  former  ftatjc. 

A  phial,  three  fourths  of  which  contained  in- 
flammable air,  in  ^irit  of  nitre  (the  phial  being 
inverted  in  a  baibn  of  the  fame)  which  had  ftdod 
about  a  week,  and  which  I  agitated  a  litde  before 
I  tried  it,  burned  upon  the  fpirit  of  nitre  exa6Uy 
like  inflammable  air  in  other  cireumltances,  making 
a  great  number  of  explofions.  I  alfo  fired  the  air 
contained  in  two  other  phi^i  which  had  ftood  the 

fcme  dme  widlout  agitation^  and  they  were  both 

exploded 
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exploded  exa£Uy  like  the  preceding.  The  colour 
of  the  fiame  was  green. 

Jje&  this  difference  fhould  have  arifen  from  the 
quality  of  the  Ipirit  of  nitre,  I  immediately  filled 
a  phial  with  the  very  fame  acid,  and  difplacing  it 
with  inflammable  air,  found  that  it  was  fired  all 
at  once,  With  a  very  bright  flame,  as  before  j  and 
at  the  fame  time  another  quantity,  which  I  had 
^Itated  a  Uttle,  mad^  a  louder  explofion. 

Being  defirous  of  trying,  what  fiace  of  time  wjft 
tte<ieflary  fo  produce  this  remarkable  change  in  th^ 
explofion  of  inflamiriabk  air  in  the  vapour  of  thii 
^irit  of  nitrt,  I  fiift  let  a  quantity  of  it  continue  oni 
night  only  in  thofe  eifcumflrances,  and  the  next 
morning  it  was  fired  with  one  bright  explofiom 
Another  quaiidty  was  fofffered  to  renrain  confined 
by  fpirit^ of  nitre  three  days;  when  it  burned  arfiiH 
iwith  n  ^reenifh  flame  id  the  mouth'  of  the  i^al^ 
bCit  immediately  after  a  bng^t  ^nie  defcended  fiid^ 
denfy  «^  the  bottoni  of  k. 
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SECTION    XIX. 

pf  the  A^xture  of  vitrioUc  and  nitrotij  Jcids^ 

A  Mixture  of  oil  of  vitriol  aad  Ipirit  of  nitre 
in  equal  proportions  diflblyed  iron>  and  the 
produce  was  nitrous  air  -,  but  a  lels  d^ree  of  ipirit 
of  nitre  in  the  mixture  produced  air  that  was  in- 
flammable, and  which  burned  with  a  green  flame. 
It  a)fo  tinged  common  air  a  htde  red^  and  diminifh^ 
ed  it,  thwgh  not  much. 

It  is  fomething  remarkable,  that  when  metals 
fu-e  diflblyed  in  a  niixture  of  fpirit  of  nitre^  and 
any  other  acid,  !ijtl^ey  a<5t,  in  ^,  manner,  indepenfiently 
of. each  other;  and  that  the  nitrous  acid,  acting 
more  fuddenly  than  the  others>  produces  its  greateft 
cfFeft  at  the  firft,  as  the  quality  of  the  air  difcovers  j 
the  firft  produce  in  thefe  cafes  bebg  always  chiefly, 
and  fometimes  almoft  wholly,  nitrous.  Afterwards 
there  is  an  equal  mixture  of  both,  and  the  laft  pro^ 
duce  is  inflammable  air.  This  will  alio  be  feen  to 
be  the  cafe  when  thefe  acids  are  impregnated  with 
the  nitrous  vapour,  and  the  metals  afterwards  dif* 
folved  in  them* 

Ufing 
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XJfing  equal  parts  of  oil  of  vitriol  and  Ipirit  of  ni« 
%r^,  diluted  with  water,  in  the.  folution  of  irm^  the 
firft  produce,  and  the  greateft  part  of  tine  bulk  of 
the  air,  was  ftrong  nitrous  air,  and  the  laft  was  in* 
flammable.  I  obferved  alio,  that  all  the  nitrous  air 
came  very  rapidly,  as  is  ufual  in  the  folution  of  iroa 
in  fpirit  of  nitre,  but  that  the  moment  the  effeft  of 
the  fpirit  of  nitre  was  over,  the  air  came  equably 
and  ipoderately  -,  and  from  this  dme  the  whole  pro-  ' 
duce  was  inflammable  air. 

I  alio  put  equal  quantities  of  oil  of  vitriol  and  ftrong 
Ipirit  of  nitre^  diluted  by  water,  upon  zinc,  whea 
the  firft  produce  W9S  fired  with  an  explofion,  exadly 
(as  will  be  feen  in  its  piroper  place) .  like  the  atrpro^- 
duced  from  zinc  by  water  impregnated  with  vitriolic 
acid  air,  and  dien  with  nitrous  vapour ;  a  vivid  flame 
defcending  rapidly  from  the  top  to  the  bottom  o£ 
^phiaL  But  in  the  ne^ct  produce  the  flanoe  de^ 
fcended  gradually,  and  in  the  laft  a  candle  burned 
quite  naourally.  In  this  experiment  the  tSt&s  of 
the  two  acids  were  not  {o  diflinguifhable  as  in  the 
preceding ;  but  then  it  is  to  be  obferved,  that  the 
folution  of  zinc  in  the  nitrous  acid  yields  dephlog^ 
acated  nitroiis  air, 

Becaufe  a  mixture  of  nitrous  acid  will  difcharge 
the  black  colour  from  phlogiflicated  vitriolic  acid,. 
JMr.  Beaume  infers  that  the  former  has  a  ibonger 
afiinity  with  phlogifbn  than  the  latten    He  alfo 

4  obferves 
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oB&ryes  of  dm  miic^ure  that  it  will  reidify'  inflame 
oil  of  turpentine,  but  that  nothing  &rther  is  knownf 
ccxncenung  it* 

I  would  obfcrve,  howettf r,  that  the  vitriolic  aeid 
does  likewife  diichsu-ge  all  colour  from  the  nitrous 
acid,  and  therefore,  reafoning  as  Mr.  Beiium6  does, 
we  might  draw  a  conclufion  the  reverfe  of  his. 
I.  would  dierefore  rather  fay,  that  the  two  acids  in 
conjunction  have  a  different  a£tion  upon  phlogiilon 
than  they  have  when  feparaCe, 
,  If  die  marine  acid  be  mixed  with  the  vitrio&c, 
the  maiine  acid  air  is  inftandy  expelkc^  and  the  wa- 
eeris,  I  foppofe,  leizedbyd^e  acid  of  vitriol.  But 
wiiea  <he  vitrioUc  and  pilous  acids  are  mi«d,  no 
fiKh  dk&,  takes  place.  They,  therefore,  fecm  ta 
occupy  the  water  jointly,  without  either  of  th&mi 
diflodging  the  other,  at  le^  in  the  fpace  of  feme 
weeks.  What  more  time  wiU  eScdc  I  have  not  yet 
nen. 

If  the  nitrous  acid  be.  poured  gendy  updii  the  vi- 
^  triolic,  ftrongly  concehtrated,  they  will  continue 
tmmixed  for  fbme  tlSme  $*  but,  vnthout?  any  agita^ 
tioa,  they  will  i4corporategmdutilly,  a  white  cloudi<> 
ncls  being  always  fecn  where  they  are  contiguous* 
When  dicy  are  fhaken  together  a  ftiiaH  degliee  of 
hbte'^11*  be  produced^  arid  numberkfs  bubbles  will 
be  formed,  which,  however^  arc  prcftridy  abforbed. 
Tiitreisalfe^  at  firflr  a  i)t4lkiffi  vapour  ovei"  the  ft^ 

face 
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laceofthemixeurc;  and  after  fotnt  cimey  diovgh 
both  the  acids  be  ever  fo  pure,  and  the  vitriolic 
has  been  diftilled  again  and  again,  there  will  be  a 
depofit  of  a  white  fubftance,  which  I  have  not  yet 
examined. 

I  have  obfervcd  that  the  yeDow  colour  of  the  com* 
mon  fpirit  of  nitre  is  difcharged  by  a  mixture  of  the 
vitriolic  acid.  When  I  poured  a  weak  green  fpirit 
of  nitre  upon  concentrated  oil  of  vkriol,  it  became 
yellow  where  they  were  contiguous  j  but  the  quan- 
tity of  nitrous  acid  being  much  greater  dian  iehat  of 
the  vitriolic,  it  was  green  above,  without  any  vifi- 
bte  vapour  on  itsi  furface.  The  next  morning  the 
nitrous  acid  was  colourlefi,  contiguous  to  the  vi* 
triolic,  and  the  reft  yellow. 

Afterwards  I  poured  upon  concentrated  oil  of  vi- 
triol an  ec^ual  quantity  of  that  nitrous  acid;  which 
had  firft  acquired  a  deep  orange  colour  by  heat,  and 
tiien  had  become  green  by  keeping.  The  eflfeft 
was,  Aat  from  green  it  inftandy  became  yellow 
thfoughout,  and  continued  diftindl:  from  the^ .  vi- 
triofic  acid  fix  days.  In  one  day  they  did  not  fiem 
to  afifeft  each  other  in  the  leaft,  but  afcerwardis  a 
doudinefs  was  obfervcd,  where  they  were  contigu^ 
ous  to  each  other,  which  increafed  rill'  aimofk  the 
whole  had  that  appearance  j;  and  when  Aey  were 
fiiaken  together  it  was  traniparerit  like  water. 

I  In 
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/  .  In  orcjcr  to  try  the  fiill  power  of  the  vkriolic  acid 
to  difcharge  the  colour  of  fpirit  of  nitre,  I  dilTolved 
in.  the  ft^ngeft  fpirit  of  nitre  a  quantity  of  copper, 
if7hich.gaye  it  a  deep  gre^  colour.  But  on  mixing 
it  with  vitriolic  acid  it  inftandy  became  perfc6kly  co- 
Jourleis,  and  the  copper  was  precipitated  in  the  form 
of  .a.  white  powder. 

I  poured  very  g^tly  a  quantity  of  aqua  regia, 
made  by  imprecating  marine  acid  with  nitrous  va^ 
pour,  on  vitriolic  acid,  and  at  firft  it  efferyeiced 
very  much,  and  the  lower  part  was  of  a  turbid  white, 
.wh)le  the  upper  part  retained  its  orange  colour.  Af- 
ter fonie  dme  the  mixture  was  of  a  light  orange 
ihrqi^hout.  I  have  not  yet  made  any  farther  ob&r- 
Vations  upon  it. 

.  To  try  how  ftrongly  the  nitrous  acid  vapour  was 
letidned  in  this  mixture  of  the  two  acids,  I  expoied 
a  part  of  the  mixture  to  the  heat  of  a  common  fire, 
in  a  long,  green,  glafs  tube  hermetically  fealed,  and 
£)und  that  though  I  kept  it  boiling,  it  condnued  co* 
lourlefs  a  confiderable  time.  Afterwards  a  red  va* 
pour  was  expelled  from  die  mixture,  and  at  length 
the  whole  tube  was  filled  with  it.  But  when  it  was 
cold  the  vapour  was  all  abforbed  again,  and  the  mix- 
ture, which  was  then  of  a  pale  orange  colour,  be- 
came afterwards  quite  colourlefs,  as  at  firft.  In 
this  cafe  dephlogifticated  air  was  expelled  by  the 

heat. 
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heat,  in  confequence  of  which  the  remainder  was  left 
phlogifticated,  and  then  the  two  acids  affefted  each 
other  as  before. 

Having,  as  is  mentioned  above,  obfervcd  fomc 
pretty  remarkable  phenomena  that  attend  the  mix- 
ture of  the  nitrous  and  vitriolic  acid,  particularly  a 
turbid  appearance,  and  a  white  dcpofit,  though 
both  the  acids  were  perfeftly  tranfparent,  and  think- 
ing that  this  might  poffibly  arife  from  fomc  extra- 
neous earthy  matter,  in  the  oil  of  vitriol,  I  repeated 
the  experiment  with  a  quantity  which  had  been  firft 
diftilled,  and  then  concentrated,  and  with  a  nitrous 
acid  the  pureft  and  the  paleft  that  I  could  make. 
But  this  mixture  was  attended  with  the  fame  phe- 
nomena as  before,  namely  with  heat,  and  a  turbid 
white  depofit. 

I  collefted  a  quantity  of  this  white  depofit,  and 
found  that  it  was  compleatly  diilblved  in  fpirit  of 
fal^  and  gave  it  a  yellow  colour  ;  fo  that  it  leems 
to  be  ibmething  contained  in  this  acid,  and  probably 
eflential  to  it.  The  experiment  defervcs  to  be  re- 
peated. 

One  of  the  moft  extraordinary  circumftances  that 
I  have  hitherto  obferved  relating  to  this  mixture, 
is  the  extreme  volatility  that  it  feems  to  give  to  the 
nitrous  acid,  fo  that,  as  &r  as  I  can  yet  perceive, 
the  whole  of  it  makes  its  efcape  from  the  mixture. 

This 
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This  observation  was  at  firft  quite  cafual.  For  hav.* 
ing  left  tlie  mixture,  confifting  of  equal  quantities 
of  the  flrongeft  kinds  of  each  of  theie  acids^  in  ^ 
phial  with  a  ground  ftopper,  about  four  months^  in 
which  I  had  been  abfent  from  home,  I  found,  at 
my  return,  the  (topper  driven  out,  and  nothing  in 
the  phial  belides  the  vitriolic  •  acid,  and,  as  far  as  I, 
could  judge,  quite  pure.  For  when  I  diflblved  iron 
in  it,  nothing  but  inflammable  air  was  yielded, 
even  from  the  beginning  of  the  procefs,  and  no  mix- 
ture of  nitrous  air  at  all.  Alfo  the  vitriolic  acid 
was  much  weaker  than  it  had  been^  fo  that  it  had  . 
been  diluted  afterwards  by  imbibing  water  from 
the  atmoiphere. 

I  had  the  fame  refult  from  another  mixture  of 
equal  quantities  of  the  two  acids,  which  had  (tood 
Ml  the  phial  without  a  ftopper  from  the  6th  of  June 
to  the  ajd  of  July  j  and  the  quantity  was  diminilh- 
ed  only  one  fourdi  of  the  whok. 

I  alfo  expofed,  during  the  fame  time,  to  the  open 
air,  ibme  of  the  cryftals  which  I  had  obferved  to 
be  formed  by  the  impregnation  of  the  vitriolic  add 
with  the  nitrous  acid  vapour.  The  confequeoce 
was,  that  the  cryllals  gi'adually  dilToIved,  and  th< 
quantity  of  liquid  increafed,  till  it  exceeded  twice 
Ac  bulk  of  the  cryftals.  When  I  diffolved  iron  in 
thii^  liquid,  I  got  nothing  but  inflammable  aun 

When 
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When  the  very  firft  produce  of  it  was  mixed  with 
common  air>  there  was  no  fenfible  diminution  of 
it,  (o  chat  there  feemed  to  be  no  nitrous  air  pro- 
duced. 

Anodier  method  of  ieparating  the  nitrous  from 
the  vitriolic  acid^  and  in  much  lefs  time  than  the 
^bovej  was  by  expofing  the  mixture  to  nitrous  air. 
This  I  have  obferved  phlogifticates  nitrous  acid,  and 
renders  it  extremdy  volatile ;  fo  that  a  very  great . 
proportion  of  it  eicapes.  And  when  it  is  mixed 
with  the  vitriolic  acid,  and  expofed  in  the  fame 
manner,  the  whde  of  it  ieems  to  efcape* 

Having  introduced  a  phial  of  this  mixture  into  a 
jar  of  nitrous  air,  in  the  fame  manner  as  I  had  before 
treaied  the  nitrous  acid  itfelf,  I  obferved  that  it  ab« 
(orbed  the  nitrous  air  as  fail  as  the  pure  nitrous  acid  . 
s)lone  had  done.     Immediately  after  the  procefswas 
commenced,  it  was  covered  with  a  denfe  red  va- 
pour, and  gradually  afiumed  a  light  orai^e  colour 
diroughout,  beginning  at  ^  top.    When  the  whole 
ef  it  had  acquired  this  colour,  I  withdrew  it,  and 
expofed  it  twenty  four  hours  to  the  open  air ;  after 
which  the  XQf  was  become  of  a  light  blue,  and  the 
bottom  rf  a  yeUowiih  colour.     I  then  put  it  into 
another  jar  of  nitrous  air,  and  fuSered  it  to  remain 
there  a  formight,  during  which  time  1  was  abfent 
on  a  journey. 

At 
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Ac  my  return  I  fi^und  the  mixture  quite  colour* 
h&y  though  it  had  abforbed  little  more  of  the  ni* 
trous  air.  I  then  difiblved  iron  in  it^  and  it  yielded 
nothing  but  inOammable  ^r^  of  the  ftrongeft  kind, 
without  the  leaft  mixture  of  nitrous  air  ;  the  very 
firft  produce  of  it  not  in  the  leaft  afie6ting  common 
air.  The  water  in  the  jar  in  which  this  proce&  was 
made  yielding  air  copioufly^  I  coUeAed  a  quantity 
of  it,  and  found  it  to  be  ftrong  nitrous  ain  It  had 
been  produced  by  the  impregnation  of  the  water  with 
nitjrous  vapour. 

In  order  to  difcover  in  what  time  this  efFed  might 
be  produced,  I  repeated  the  experiment,  and  found 
that  after  being  expoied  four  days  to  nitrous  air,  it 
became  colourleis,  and  the  air  produced  by  it  fiom 
iron  was  aU  inflammable  air. 

If  the  vitriolic  and  the  marine  acids  be  mixed, 
much,  if  not  all,  of  the  marine  acid  is  prefendy 
expelled,  in  the  form  of  marine  acid  air.  I  was 
willing  to  try  what  would  be  the  eflfeft  of  adding 
this  acid  to  the  mbcture  of  the  two  others  above- 
ihentioned  %  and  I  obferved  that,  when  I  had  pour- 
ed a  fmall  quandty  of  a  perfe6Uy  colourleis  marine 
acid,  very  gendy  upon  the  other,  prefcndy  after  they 
had  been  mixed,  and  while  they  were  yet  turbid,  the 
marine  acid  remained  tranfparent  upon  them  bodi  ; 
but  the  place  of  contaft  prefendy  became  of  a  beau- 
tiful 
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tiful  yellow  or  orange  colour,  very  fmall  bubbles  of 
lur  riling  now  and  then  from  it* 

The  next  nrtoming  the  whole  mixture  was  of  i 
beautiful  orange  colour*  Wheil  it  was  agitated,  it 
frothed  very  much,  and  the  air  or  vapourj  efcaped 
very  rapidly,  making,  as  it  were,  (mail  ejtploAons  i 
but  after  every  agitation  the  mixture  leemed  Co  be 
hiore  vifcid,  the  air  efcaping  with  more  difficulty^ 
After  the  agitation,  it  remained  of  a  paler  colour 
than  before*  Probably  the  marine  acid  air  had  been^ 
in  fome  meaiure,  thrown  out ;  and  the  next  day  it 
Was  perfe6Hy  Colourlefs,  like  water. 

Bits  of  paper  and  bits  of  wood  were  not  fenlibly 
afiedled  by  the  mixture  of  nitrous  and  vitriolic  acidsj 
tad  they  did  not  give  it  any  colour  j  but  a  fly  gave 
another  quantity  of  it  a  brownifli  tinge^  though  not 
very  foon.  The  next  day>  that  in  which  the  vege- 
table matter  had  been  immerfed  was  of  a  light  blue^ 
and  chat  into  which  the  fly  had  been  put  was  ftill  of 
an  orange  colour,  and  rather  deeper  dian  before* 
Three  weeks  after  this^  both  thefe  mixtures  having 
been  a  long  time  quite  colourlefs,  I  diflblved  iron 
in  them,  and  they  both  yielded  inflammable  air 
only  ;  fo  that,  if  this  be  any  proof  of  the  abfence  of 
the  nitrous  acki,  this  acid  had  now  entirely  left  xht 
mixture. 
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A  mixture  of  an  equal  quantity  of  nitrous  and 
marine  acid  with  iron,  produced  air  which  at  firft 
was  the  lame  as  a  mixture  of  nitrous  and  inflamma- 
ble air^  burning  with  a  lambent  green  flame  i  but 
the  produce  of  air  kept  continually  approaching  to 
the  ftate  of  pure  inflammable  air,  and  was  at  length 
wholly  fo  i  except  that,  at  the  lafl:,  it  exploded  with 
a.  blue  flame  i  and  the  fame  phenomena  occurred 
when  more  air  was  produced,  pouring  more  ijpirit 
of  fait  into  the  fame  phial  containing  the  iron* 

An  equal  quantity  of  fpirit  of  nitre  and  radical  vi-- 
negar^  diluted  with  water^  produced,  from  iron,  air 
which  burned  with  a  blue  flame ;  but  ufing  more 
vinegar,  the  colour  of  the  flame  diiappeared,  and 
the  laft  produce  was  not  at  all  diflferenc  from  com<» 
mon  inflammable  air» 


SEC 
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SECTION      XX.  i 

Experiments  on  the  ^ranfmiffion  of  the  Vapour  pf  Acids 

through  a  hot  Earthen  I'ube. 

IN  my  experiments  on  the  phlogifticatlon  of 
fpirit  of  nitre  by  heat,  it  appeared  that  when  pure 
air  was  expelled  from  what  is  called  dephlogifticated 
ipirit  of  nitre,  the  remainder  was  left  phlogifticated. 
This  I  find  abundantly  confirmed  by  repeating  the 
experiments  in  a  different  manner,  and  on  a  larger 
fcale  J  and  I  have  applied  the  fame  procefs  to  other 
acids,  and  liquors  of  a  different  kind.  From  thele 
it  will  appear  that  oil  of  vitriol  and  fpirit  of  nitre, 
in  their  mofl  dephlogiflicated  flate,  confifl  of  a  pro- 
per faturation  of  the  acids  with  phlogifton  j  fo  that 
what  we  have  called  the  phlogijlication  of  them, 
ought  rather  to  have  been  called  their  fuper-pblogijii^ 
cation. 

I  began  with  treating  a  quantity  of  oil  of  vitriol 
as  I  had  done  the  fpirit  of  nitre,  viz.  expofing  it  to 
heat  in  a  gjafs  tube  hermetically  fealed,  and  nearly 
cxhauiled  i  and  the  refult  was  iimilar  to  that  of  the 
experiment  with  the  nitrous  acid,  with  refpedtto 

O  2  the 
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the  cxpulfion  of  air  from  it,  though  the  phlogifti- 
cation  not  appearing  by  any  change  of  colour^  I  did 
not  in  this  method  afcertain  that  circumftance.  The 
particulars  were  as  follows. 

After  the  acid  had  been  made  to  boil  fome  time, 
a  denfe  white  vapour  appeared  in  quick  motion  at  a 
diftancc  above  the  acid  ;  and  though,  on  withdraw- 
ing the  fire,  that  vapour  difappeared,  it  inftandy 
re-appeared  on  renewing  the  heat.  When  the  tube: 
was  cool  I  opened  it  under  water,  and  a  quantity  of 
air  rulhed  out,  though  the  acid  had  been  made  to 
hoil  violendy  while  it  was  clofing,  fo  that  there 
could  not  have  been  much  air  in  the  tube.  This 
air,  which  muft,  therefore,  have  been  generated  in 
the  tube,  was  a  litde  worfe  than  common  air,  being 
of  the  ftandard  of  1.12,  when  the  latter  was  1.04. 
I  repeated  the  experiment  feveral  times,  and  always 
with  the  fame  refult. 

That  this  air  fhould  be  worie  than  common  air 
I  cannot  well  explain.  But  in  my  former  experi-> 
ments  it  appeared  that  vitriolic  acid  air  injures  com- 
mon air  ;  and  that  in  proportion  as  pure  air  is  ex- 
pelled from  this  acid,  the  remainder  becomes  phlo- 
gifticated,  or  charged  with  vitriolic  acid  air,  clearly 
appeared  in  the  following  experiment. 

Making  a  quantity  of  oil  of  vitriol  boil  in  a  glafi 
retort,  and  making  the  vapour  pals  through  a  red 
hot  earthen  tube,  glazed  infide  and  out,  and  filled 
--  -  with 
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with  pieces  of  btDlcen  tubes,  I  ccdlefted  the  liquor 
that  diftilled  over,  and  foutid  it  to  be  the  fame 
thing  with  water  impregnated  with  vitriolic  acid 
air.  The  fmell  of  it  was  exceedingly  pungent,  and 
it  was  evident  that  more  of  this  air  had  efcaped  than 
could  be  retained  by  that  quantity  of  waten  The 
oil  of  vitriol  ufed  in  this  procels  was  one  ounce^  nine 
pennyweights,  eighteen  grains,  and  the  liquor  col- 
lected was  fix  pennyweights,  twelve  grains.  When 
)  collected  the  air  that  was  produced  in  this  man- 
xr,  which  I  did  not  do  at  this  dme,  it  appeared  to 
be  very  pure,  dbout  the  ftandard  of  o.3>  with  two 
equal  meafures  of  nitrous  ain 

At  another  time,  expending  one  ounce^  eleven 
pennjrweights,  eighteen  grains  of  oil  of  vitriolj  of 
the  ipecific  gravity  of  1856  (that  of  water  bdi^ 
1000)  I  coUeCbed  nineteen  pennywei^ts,  fix  ^ains 
of  the  volatile  acid,  of  the  Q)ecific  gravity  of  1340^, 
and  pi^cured  1 30  ounce  meafures  of  dephlogifti- 
cai?ed  air  of  the  pureft  kind^  viz.  of  the  ftandard  of 
0.15. 

It  is  eafy  in  this  manner  to  coUeft  a  great  quanti^ 
of  dephlogifticated  air  1  but  the  principal  objeftioa 
to  the  procefs  b,  that  after  ufing  a  few  times^  the 
earthen  tubes  become  tender^  and  two  eafily  bitak^ 
efpecially  in  heating  of  cooling.  It  is  alio  difficult 
to  htte  the  retort  conuining  the  acid  ud  the  earthen 

O  3  tube. 
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tube.     The  air  produced  in  this  manner  is  filled 
with  the  denfeft  white  cloud  imaginable. 

Going  through  the  fame  procefs  with  Ipirit  of 
nitre,  the  refult  was  in  all  refpeAs  fimilar,  but 
much  more  ftriking  j  the  production  of  both  dephlo- 
^fticated  air  and  phlogifticated  acid  vapour  being 
|)rodigioufly  quicker,  and  more  abundant.  Ex- 
pending five  ounces,  eight  pennyweights,  fix  grains 
of  Ipirit  of  nitre,  I  collected  fix  hundred  ounce  mea- 
ilires  of  the  pureft  dephlogifticated  air,  jieing  of 
the  fixuidard  of  0.2.  I  alfo  collected  one  ounce^ 
feven  pennyweights,  fourteen  grains  of  a  greenifh 
acid  of  nitre,  which  emitted  copious  red  fiimes.  All 
the  apparatus  beyond  the  hot  tube  was  filled  with 
the  denfeft  red  vapour,  and  the  water  of  the  trough 
in  which  the  air  was  received,  was  fb  much  im- 
pregnated with  it,  that  the  finell  was  very  ftrong, 
and  it  fpontaneoufly  yielded  nitrous^  air  feveral  days, 
juft  as  water  does  when  impregnated  with  nitrous 
▼apour.  Perceiving  the  emifHon  of  air  from  this 
water  after  it  had  ftood  fome  time,  I  filled  a  jar 
containing  thirty  ounce  meafiires'  with  it,  and  with- 
out any  heat  it  yielded  two  ounce  meafures  of  the 
ilrongeft  nitrous  sun 

Taking  the  ipecific  gravity  of  the  acid  before  and 
after  this  diftillation,  the  former  was  to  the  latter, 
as  1471  to  1 182.    When  the  weight  of  the  air  pro* 

duced 
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duced  in  diis  experiment,  and  that  of  the  liquor  dif* 
tilled,  is  compared  with  that  of  the  acid  befcMre  di£- 
pllation^  it  will  appear  that  there  muft  have  been  a 
great  lofe  of  acid  vapour,  which  was  either  retained 
in  the  water  of  the  trough,  or  efcaped  through  it. 

I  do  not  fee  that  thefe  experiments  can  be  ex« 
plained  but  on  the  fuppofidon  that  the  moft  depio* 
giilicated  oil  of  vitriol  and  fpirit  of  nitre  are,  in  a 
proper  fenfe,  faturated  with  phlogifton  ;  and  that 
when  part  of  the  acidifying  principle  is  expelled  in 
the  form  of  air>  the  remainder  is  fuperfaturated  with 
it. 

To  try  whether  the  acid  thus  faturated  with  phlo* 
gifton  was  convertible  into  pure  air  by  this  procefs^ 
I  heated  the  liquor  coUeded  after  the  diflillation  <^ 
the  oil  of  vitriol,  that  is,  water  impregnated  with 
vitriolic  acid  air,  and  made  the  vapour  pafs  through 
the  hot  tube ;  but  no  air  came  from  it,  and  when 
coUeded  a  fecond  time,  it  was  not  at  all  difierene 
ftotti  what  it  had  been  before^  the  fpecific  gravity 
was  alfb  the  fame. 

It  is  evident,  however,  though  this  procefs  does 
not  fhew  it,  that  the  volatile  vitriolic  acid  contains 
the  proper  element  of  dephlogifticated  air ;  fince  by 
melting  iron  in  vitriolic  acid  air,  a  quantity  of  fixed 
air,  which  is  compofed  of  inflammable  and  dephlo- 
gifticated air,  is  produced.  Melting  iron  in  nine 
ounce  mes^ures  of  vitriolic  acid  air^  it  was  reduce^ 

O  4  to 
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too.  2  ounce  mcafures,  and  of  this  0,17  ounce  niea* 
furcs  was  fixed  air,  I  repeated  the  experiment  with 
|he  fame  rcfult,  and  putting  the  refiduums  together^ 
found  the  air  to  be  inflammable. 

But  the  rcfiilt  was  fomething  diflferent  when  I 
icnt  through  the  hot  tube  the  liquor  that  I  had  col^ 
k6led  in  the  procefs  with  fpirit  of  nitre.  No  air, 
however,  was  produced  at  the  firft,  nothing  appear- 
ing befkles  a  red  vapoury  that  was  wholly  abforbed  by 
water,  or  cfcaped  through  it  into  the  atmoiphere* 
But  towards  the  end  of  the  procefs,  I  colle£i:»l  ten 
ounce  meafures  of  dephlogifticated  air.  The  quantity 
of  the  liquor  expended  was  about  two  ounce  meafiires. 
le  may,  however,  be  prefumed  that  this  fmall  quan- 
tity of  air  came  from,  fome  of  the  ackl  which 
efcaped  the  dJ^on  of  the  fire  in  the  former  procefs^ 
Indeed  its  conning  at  the  laft  only  may  be  confider- 
(kI  as  a  proof  of  this  $  as  all  the  more  volauk  acid^ 
which  came  over  firft,  yielded  no  £ur, 

I  fubmitted  a  quantity  of  fpirit  of  fait  to  both 
thefe  procefTes,  viz.  expofing  to  a  boiling  heat  in 
1^  tubes  faemacttoally  fealed,  and  making  the  va- 
jpoiirpais  (hrough  a  red  hoc  tube;  but  no  air  was 
produ^ied  in  either  cafe.  In  the  former  cafe  tho 
V«ter  ruifaed  into,  and  cxnnpkatly  filled,  the  tube 
whcjn  it  was  opened  under  water ;  and  in  the  other 
procels  the  liquor  diftilled  was  preciiely  of  the  fame 
^)ecific  gravity,  and  i}o  doubt  in  all  other  reipeds  the 

fame. 
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(kme,  as  before  diftillation ;  but  the  acid  that  re-* 
mained  in  the  retort  was  of  lefs  fpeciBc  grayit7,  in 
cx))qiequence  of  the  acid  vapour  being  expelled  by 
the  heat  in  the  form  of  marine  acid  air,  which  ap-- 
peared  not  to  be  affeded  by  a  red  heat. 

Though  in  this  procefs  with  fpirit  of  fait,  the  re- 
fult  is  different  from  that  of  thofe  with  oil  of  vitriol 
and  fpirit  of  nitre,  yet  there  is  an  analogy  among  all 
thefe  three  acids  in  this  reipe6b,  that  the  marine 
acid,  like  the  volatile  acids  of  vitriol  and  nitre,  is 
made  by  impregnating  water  with  the  acid  vapour  ; 
fb  that  in  its  ufual  ftate  it  may  be  faid  to  be  phlo- 
gifticated  as  well  as  they. 

It  was  evident  that  the  water  in  the  worm  tub 
was  much  more  heated  by  the  diftillation  of  the  fpirit 
of  fait  than  by  that  of  the  oil  of  vitriol,  and  efpecially 
rfiat  of  the  fpirit  of  nitre ;  fo  that  much  of  the  heat 
by  which  it  had  been  raifed  in  vapour  muft,  in  the 
latter  cafe,  have  been  latent  in  the  air  that  was 
formed  i  whereas,  in  the  other  cafe,  it  was  commu- 
nicated to  the  water  in  the  worm  tub. 

In  one  of  the  procefTes  with  boiling  fpirit  of  fair, 

in  a  glafs  tube  hermetically  fealed,  I  had  the  fame 

white  vapour  dancing  in  the  middle  of  the  tube,  a& 

in  the  experiment  with  the  oil  of  vitriol ;  but  this 

tube  burft,  and-  I  never  had  die  fame  appearance 

again,  though  I  repeated  the  experiment  feveral 

times  for  the  fake  of  it. 

The 
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The  vapour  of  dejphlogifticatc^  marine  acid, 
which  Mr.  Bertholet  difcovercd,  and  with  which 
water  maty  be  impregnated,  as  with  fixed  air  being 
made  to  pafs  through  the  hot  tube,  became  dcphlo- 
gifticated  air,  as  in  the  following  experiment. 

Having  poured  a  quantity  of  fpirit  of  fait  upon 
fome  manganefe  in  a  glafs  retort,  I  heated  it,  as  in 
the  preceding  experiments,  with  a  proper  apparatus 
both  for  receiving  the  diftilled  liquor  and  the  air. 
I  found  feven  tenths  of  the  air  was  fixed  air,  and 
the  remainder  very  pure  dephlogifticated.  The 
quantity  I  could  not  meafure,  on  account  of  one 
of  the  jundhires  in  the  apparatus  giving  way ;  but 
I  do  not  imagine  that  quite  {o  much  pure  air  could 
be  got  in  this  method  as  from  the  manganefe  itfelf 
in  a  direft  procefs.  The  liquor  received  in  this 
diftiUation  refembled  ftrong  Ipirit  of  fait,  in  which 
manganefe  had  been  put.  , 

This  procels  immediately  fucceeding  that  in 
which  the  glafs  tube,  joining  the  earthen  tube,  and 
the  worm  tub,  was  left  full  of  black  matter  by 
the  diftillation  of  the  alkaline  liquor^  the  black* 
nefs  prefendy  vanilhed,  and  the  tube  became  tranf- 
parent  as  before.  On  this  account,  however,  it  is 
poffible  that  I  might  receive  lefs  pure  air  ibw  X 
Ihould  othcrwife  have  done» 

Diftilled 
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Difiilled  vinegar  fubmitted  to  this  procefs  yield- 
ed air,  two  thirds  of  which  was  fixed  air,  and  the 
reft  inflamnaable.  Expending  two  ounces  nineteen 
pennyweights  of  the  acid,  I  got  one  ounce  nineteen 
pennyweights  of  a  liquor  which  had  a  more  pun- 
gent fmell  than  it  had  had  before  diftillation.  It 
had  alfo  fome  black  matter  in  it,  and  fome  of  the 
fame  remained  at  the  bottom  of  the  retort  when 
the  liquor  was  evaporated  to  drynefs.  The  air  \ 
jxceiyed  wa3  ninety  ounce  meafures. 


SECTION    XXI. 

MifceJlaneouj  Experiments  on  nitrous  Acid. 

I.  Of  the  firing  of  Paper  dipped  in  a  Solution  of  Cop^ 

per  in  nitrous  Acid. 

HAVING  been  informed  by  Dr.  Small  and 
Mr.  Bolton  of  Birmingham,  that  paper  dip- 
ped in  a  Iblution  of  copper  in  (pirit  of  nitre  would 
take  fire  with  a  moderate  heat  (a  faft  which  I  after- 
wards found  mentioned  in  the  Philoibphical  Tranf- 
^ions)  it  occurred  to  me  that  this  would  be  very 

con- 
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convenient  for  experimentt  relating  to  igmtim  in 
different  kinds  of  air ;  and  indeed  •!  found  that  i( 
was  eafily  fired,  either  by  a  burning  lens,  or  the 
approach  of  red  hot  iron  on  the  outfide  of  the  phial 
in  which  it  was  contained,  and  that  any  part  of  it 
being  once  fired,  the  whole  was  prefcntly  reduced 
to  afhcsj  provided  it  was  previoufly  nnade  tho- 
roughly dry,  which,  however,  it  'is  not  very  eafy 
to  do. 

With  this  preparation,  I  found  that  this  paper 
burned  freely  in  all  kinds  of  air,  but  not  in  vacuo, 
which  is  alfo  the  cafe  with  gunpowder ;  and,  as  I 
have  in  efFed:  obferved  before,  all  the  kinds  of  air 
in  which  this  paper  was  burned  received  an  addition 
to  their  bulk,  which  confifted  partly  of  nitrous  air, 
from  the  nitrous  precipitate,  and  partly  of  in- 
flammable air,  from  the  paper.  As  the  cir- 
cumftances  attending  the  ignition  of  this  paper  in 
inflammable  air  were  a  little  remarkable,  I  fliall 
juft  recite  them. 

Firing  this  paper  in  infiammahU  air,  which  it  did 
without  any  ignition  of  the  inflammable  air  itfel^ 
the  quantity  increafed  regularly,  till  the  phial  in 
which  the  procefs  was  made  was  nearly  AiU ;  but 
then  it  began  to  decreaie,  till  one  third  of  the  whole 
quantity  difappeared. 


a.  Of 
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ft.  Of  the  firing  of  Gunpowder  in  different  Kinds  of 

Air^ 

Gunpowder  is  alfo  fired  In  all  kinds  of  air,  and, 
in  the  quantity  in  which  I  tried  it,  did  not  make 
any  fenfible  change  in  them,  except  that  the  com- 
mon air  in  which  it  was  fired  would  not  afterwards 
admit  a  candle  to  bum  in  it.  In  order  to  try  this 
experiment  I  half  exhaufted  a  receiver,  and  then 
with  a  burning-glafs  fired  the  gunpowder  which 
had  been  previoufly  put  into  it.  By  this  means  I 
could  fire  a  greater  quantity  of  gunpowder  in  a 
fmall  quantity  of  air,  and  avoid  the  hazard  of  blow* 
ing  up,  and  breaking  my  receiver. 
.  I  own  that  I  was  rather  afraid  of  Bring  gunpow-* 
der  in  inflammable  air,  but  there  was  no  reafon 
for  my  fear;  for  it  expkxled  quite  freely  in  this 
air,  kaving  it,  in  all  refpefts,  juft  as  it  was  be- 
fitf-e. 

In  order  to  make  this  experiment,  and  indeed 
aknoft  all  the  experiments  of  firing  gunpowder  in 
different  kinds  of  air,  I  placed  the  powder  upon  a 
convenient  ftand  within  my  receiver,  and  having 
carefuUy  exhaqiled  it  by  a  pump  of  Mr.  Smeacon's 
conflrudtion,  I  filled  the  receiver  with  any  kind  of 
air  by  the  a{^)aratus  defcribed  PL  II.  fig.  14,  taking 
the  gr^tQfl  cue' that  the  tubes»  drc*  which  con<^ 

veyed 
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veyed  the  air  fhould  contain  little  or  no  common 
air.  In  the  experiment  with  inflammable  air  a 
confiderable  mixture  of  common  air  would  have 
'  been  exceedingly  hazardous :  for,  by  that  afUftance, 
tl)e  inflammable  air  might  have  exploded  in  fuch 
a  manner,  as  to  have  been  dangerous  to  the  opera-, 
tor.  ^ 

Sometimes,  I  filled  a  glafs  veflcl  with  quickfilvery 
and  introduced  the  air  to  it,  when  it  was  inverted 
in  a  bafon  of  quickfilver.  By  this  means  I  entirely 
avoided  anv  mixture  of  common  air ;  but  then  it 
was  not  eafy  to  convey  the  gunpowder  into  it,  in 
the  exa£k  quantity  that  was  requifite  for  my  pur-* 
pofe.  This,  however,  was  the  only  method  by 
•which  I  cduld  contrive  to  fire  gunpowder  in  acid 
or  alkaline  sur,  in  which  it  exploded  juft  as  ^  it  did 
in  nitrous  or  fixed  air. 

I  burned  a  confiderable  quantity  of  gunpowder 
in  an  exhaufted  receiver  (for  it  is  well  known  that 
it  will  not  explode  in  it)  but  the  air  I .  got  from 
it  was  very  inconfiderable,  and  in  thefe  circum«> 
ftances  was  neceilarily  mixed  with  common  ain  j!^ 
candle  would  not  bum  in  it. 

^.  Of  a  tajual  ProduSim  Jhrnlar  to  Gunptrwder. 

I  took  half  an  ounce  of  ledd-criy  and  hav* 
ing  iaturaced  it  with  fpirit  of  nitre,  I  dried  it^ 

put 
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put  it  into  a  gun  barrel,  filled  up  to  the  mouth 
with  pounded  flint,  and  placed  veflels  filled  with 
water  to  receive  the  air.  The  confequence  was, 
that  as  ibon  as  this  mixture  began  to  be  i^arm,  air 
was  generated  vely  fafl,  infomuch  that,  being  rather 
alarmed,  I  ftood  on  one  fide ;  when  prefendy  there 
was  a  violent  and  loud  explofion,  by  which  all  the 
contents  of  the  gun  barrel  were  driven  out  with. 
great  force,  dafhing  to  pieces  the  vefTels  that  were 
placed  to  receive  the  air,  and  difperfing  the  frag- 
ments all  over  the  room ;  fo  that  all  the  air  which 
I  had  coUeded,  and  which  was  about  a  pint,  was 
lo&.  The  mixture,  before  it  was  put  ihto  the 
gun  barrel>  was  betwixt  white  and  yellow,  and  had 
very  mcch  the  fmell  of  iulphur ;  fo  that  it  was  in 
hSt  a  compofirion  fimilar  to  gunpowder. 

Being  delirous  to  know  what  kind  of  air  I  had 
got  by  this  proceis,  I  put  the  fame  materials  into 
a  glais  phial,  and  putdng  it  into  a  crucible  with 
land,  diipofed  the  apparatus  for  receiving  the  air 
in  fiich  a  manner,  that  the  explofion  could  not  af- 
fedt  it*  It  did  explode  as  before,  but  the  air  was 
preferved,  and  appeared  to  be  very  flrong  nitrous 
air,  almoft  as  much  fo  as  that  which  is  procured  by 
the  folution  of  metals. 


PART 
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tXi»BRIM£NTS  RELATING  TO  THE  MARINE  ACID* 


SECTION      I. 

Of  the  Colour  of  the  Marine  Acid^ 

9 

AL  L  the  chemifts,  as  far  as  I  can  find^  who 
have  written  on  the  fubjeft  of  the  marine 
acid^  fpeak  of  its  colour ^  as  of  a  thing  ellential  to  ir^ 
and  never  fail  to  mention  this  as  a  necel&r^  part  of 
its  definition :  "  Thus  Mr.  Macquer^  in  his  i>fr- 
tionaryy  lays^  that  this  add  difffers  from  the  vitriolic 
in  having  ym^i/  and  colour.**  He  alio  fays^  it  differs 
from  the  nitrous  acid  by  its  colour,  '*  which  is  more 
yellow  and  Icfs  red/* 

In  my  early  experiments  I  gave  a  good  deal  of 
attention  to  this  fubjeft,  but  at  that  time  I  had  not 
been  able  to  afcertain  on  what  it  is  that  the  colour 

4  of 


of  dui  acid' dq)ends;  Somedmes,  I  obfifrvcd,  i 
had  jpMcored  it  qiate  oolowkfs^  efpedalty  wheq 
I  made  k  bf  impregnating  watcv  widi  maqpne  acid 
air,  but  at  odier  times'  I  was  not  able^  thotigh  I 
cndeaiviotii^to  do  it,  to  procure  it  widiout  colour* 
I  have  fince,  however^  perfeftly  iatiftfied  mjUi£  with 
icQ)o£l  fa'  the  colour  of  this  acid,  and  can  at  any 
dme  cnakc  it  as  coknirkfi  as  water  itfeif,  the  colour 
ahrajs^  coisiiiig  fiom  fome  impregnadon,  gebendtf, 
if  dot  always  of  ibme  iortty  mastiti  with  almoft 
every  diiflg  of  i^diich  kind  it  unices,  and  from  which 
k  genendly  odces  jboie  colour  or  other.  I  can  alfii 
iirffauit^  ifiiohaige  any  colour  that  this  acid  has  ao^ 
quked,  andreftpre  k  again  at  pkafure,  as  will  appear 
» the  courJe  of  theft  obiervadons. 

As  I  alwap  make  my  own  Ipirit  of  £dt,  as  well 
as  my  Iptm  ct  nkre,  and  was  fadsfied  from  mf 
fbrmer  dsfervadona,  that  colour  is  not  eflbKiid  to 
tUs  add,  any  more  than  to  the  nitrous,  or  dit 
vkrioCci  on  die  itrllof  Augi^  1777,  having  oc« 
cafion  for  a  quandcy  of  fpirit  of  fait,  I  was  deter«» 
mined  to  msJae  die  tfftilladon  widi  all  die  attendon 
chat  I  could  g^ve  to  it,  taking  die  produce  at  dif* 
frrent  dmes,  which  is.  my  general  cuftom,  and  which 
has  been  the  occafion  of  my  makng  a  variety  of 
imporcaftt  obfervadons.  i  alio  received  die  Sspet^ 
flnous  vapour,  or  xxmmajsuai'  air,  with  die  fame 
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preosutibftt^  and  in'jdic  fame  manner;  Theaip* 
paratus  was.  nfsariy  the ikne  with  that;  .ol'.vUcfa  a 
drawif^  is  given  in  PL  V.  fig.  4.  TIie  njtoit  qfi$ 
bong  much  larger,  and:  ufing  phiais  with  water 
ifiO£itd>  o£  the  cup^^.  In  this  prosefs  a^  I  feldoiD 
makeJufe  of  any  adopter.  ;    .  ...  I 

'Every  thing  being  thus  prepared,,  and  having 
hited  the.yeilels  with  a  mixture  )of  day  'and  fine 
land,  I  began  ,  the  diftiUation ;  aiid  ol^rved  that 
the  firfl  prodvice  was  (baw  coloured,  as  ufiial ; .  but 
all  that  came  afterwards  was  quite  colburIe&>  like 
wdter.  .  AlfQ>  all  the  tfnpregnadbns  o£  the  watei 
with  the  -fuperBuous;  vapoiir>  were  cdourkfs.  But 
the  h^t  happening  to  abalie  towards  the  -end,6f  .the 
procefs,  a  quantity,  of  watet  ruflxed  fuddmiy  froni 
the  phial  diat  received  the  .impregnation,  through 
cheDeceiver,  into  the  phial.  l;bat  contained:  the  dif- 
tiUed  :acidi  rwheh  all  (he  apid  tjhat  was  in  it,  ^hich 
was  then  qiate  cplourkf^  jhimectiately.aQhmedasi 
deep  a  (traW  colour,  as  tb^itr.of  the  fhrd;  produce  of 
the  diilillatiosi.  .  \      \  \ 

This  procefs  might  haye  been  iuffident  (0  ex- 
plain to.  me  the  whole  tny&ry  pf  the  ccJouripgof 
the  fpirit  of  ialt;  but  it  did  not,  and  fH  the  real 
advantage  \  gained  by-it  was  having  in  my.  poi^- 
fion  a  large  quandty  of  piire  colourleis  fpirit  of  ialc> 
to  which  Y  might  endeavour  .to  give  colour  in  /u- 
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turc  aperimeate.  Jgor;,iiU,  the.  hypothfsiis; that  oc- 
curred to  'me  from  confidering  the  phenomena  of 
this  procdk  was;  that  the  xplpuripg  of!  t^;  ^i4  as 
in  moft other  cafes^.and^dpeciafly  in,{pifit;,of  qitrei, 
w^  owing  to  bc^i^oT .phkgijhn ;  lb  that  L was ^nii^ 
led  by  the  general  maxims  of  the  chengid^  and  alio 
by  the  analogy  of  the  ^o  acids,  and>  indeed,  that  of 
the  vitriolic  acid  alfo,  wUch  is  ijuiown  to  acquire  \x% 
black  colour  from  iiibftances  containing  phlo^ftqn. 

Thus Icoi^ered the colour,,of  tl^  fii^  produ(;o 
of  fpifit  of  £dt^  in  the  above-mentipnc^jLproceisy  as 
fiiuiJar  to  the  ufual  colourfof  the  firft  jproduce  in' 
the  dilation  of  Ipirijt  jof  ijiitre,  viz/ to  Ibme  un^^ 
ohferved  phlpgpiflic  matter  in  the  mat^r^ls :  and 
I  confidered  the  deep  ifaaw  colour  tit  i^q.Iali^  as 
occafioiiedy  likewife,  by  foo^e  .phlog^qi'>  in^tcec 
driven  into  the  veflel  by,  the  .fudden  ifuihiog  in  of 
the  water.  Befides,  I  ^had  more  .than  ouce  found 
Ipirit  of  nitre  to  become  inftandy  of  a  djsqp  green 
by  a  fimilar  rufhihg  of  water  into  the  recipient. 

Conceiving  that  it  muftbe.  phlogifton^  t^at  gave 
colour  to  this  acid ;:  as  well  as  to  ,the  nitrous.acid 
and  the  vitriolic^  I ,  imagined  I  had  nothing  to  do 
but  to  difcover  the  proper  mode  of  ,,CQp[ibii>ing 
thems  and  I.piadertrialof  feveral  things  for  that 
piirpofe^  as  putting  into  the  colourlefs  acid  bi^  of 
charcoal^  quencbii^ ^  hq%  ;charcoal .  in  it;, .  ^d;  t^i^dng 
with  it  various  pther  fubftanqes  containing  phlo* 
\  ' Pa  gifton. 


Ill  OMSftVATfOttS  ^N 

giftotty   bodt  Hot  and  ccdd^  but  ^  without  8iT]f 

As  I  had  given  cdlonrto  fpmt  of  nitre  by  merely 
heating  ic  in.  glals.  tubes^liermetically  fealed^  I  fob* 
miteed  At  {pirk  of  *  fait  to  the  Hune  trid;  and  for 
fbnie  time  imagined  diat  I  had  fucceeded.  For, 
in  ieveral  inftances,  die  fpiiit  of  &lt  did  become 
eolointd  in  thefe  circumftances« 

About  half  an  otince  meaibre  of  colourlefi  ^irit 
of  £dt  being  confined  in  z  gla&  tube  an  inch  in 
dianfietefy  and  three  feet  long,  hemteticafiy  fbled; 
tt^  being  expoTed  to  heat»  prefendy  aflbmed  die 
deq)cft  ufual  colour  of  fyyek  of  lait;  SuQ)eAing 
dial  diere  might  have  been  foiiie  unpefceired  bit 
ef  ftraw^  or  Ibme  (uch  Abg  in:  the  large  tube;;  I 
ftxdc  a  fihall- one  that  was  perfeffly  clean ;  and  prcw 
paring  it  iit  the  fame  manner^  I  expofed  it  to  the 
heatof  a  cmnmoii  fire,  and  with  the  very  feme  re* 
fult..  The  acid  had  acquired  a  pcrfeft  flraw  co- 
lour; 

But  I  was  more,  confirmed  in  my  opinion  that 
,  k  was  heat,^  or  pMogifton/  or  bodi,  diat  produced 
Ais  efFe^b  by  finding  diat  I  gora  peculiarly  deep 
ftraw  colour  when  I  had  incloftd  the  fpirit  of  fait 
in  a  tube  in  vrtiich  ibme  oil  had  been  *  before  ex- 
pofedta  heat  in  the  fkme^  rfianner,  and  to  which  a 
Ctde  of  it  adhered:  and^  what  I  had  not  much  at* 
tended  to  before^  I  now  obferve4  dut  the  acid 

retakifd 


ttftiined  chb  Anor  colour  when  it: tms^ quite  cold 
Bifl^  botwidifteadaBjg'  tikfe  pn^miii^g  i^qkaranoes^ 
my  hypothefis  «bs  totldiyr  overturned  by  Aiidihgy  a 
ds^  or  tvo  afteiwuds^  cba  Wfaon  i  had  cxp^fed 
two^glafi  VubcB,  m  uUirdpeds,  vs.qeariy  as  I  could 
judgCy  alike^  bonddnu^  the  iarac  tQk)iisk&  fpirit 
of  fid^  to  die  iame  fire^  an^i  die  £uiie  lei^gdi  cf 
ttt^iooly  die  of  dkm  acqinnod  die  flrsw  cdoui^ 
%lu]fi:  die  ddicr  CQBtioued  cokrvdefii^  as;  at  fiift. 
di  txasmioed  l>oth  thefe  tubes  widi  ihe^rteteft  attcor 
lioDj  but  cQidd  Aoc  dtfirover  any  caofe  df  ^  dif^ 
ieneticfi.  Their  iin»  iaitci,  iemfe  of  fehe  eaithy 
filatter;  of.  !frhich  I  IhaU  (rdtt  prefendy»  10  d^  txribe 
in  which  dte  add  wis  cokmredL  but  ditt  in  which 
ihr  acid  icontbiued  ck>l)QRirk&  had  a  fmall  crack  in 
j^  tet  of  which  'ftme  of  the  add  lad  oosed»  fo 
chat  I  did  not  attnbike  diis  difference  of  colour 
to  that  circumftance. 

« 

At  lengthy  on  the  6th  of  September,  I  difcover* 
ed,  by  the  mereft  accident,  the  whole  myllery  of 
what  I  had  been  fo  long,  and-  fo  intendy  invefti- 
gating.  For,  having  fome  other  ufe  for  the  phial 
which  contained  the  Ipirit  of  fait,  I  poured  it  into 
another  phial,  in  which  there  had  formerly  been 
foqfie  iron  filings  and  water,  and  the  fides  of  which 
had  a  flight  incruftadon  of  ochre,  which  is  known 
tp  give  to  glafs  a  dnge  that  is  not  eafily  got  out : 
but  the  moment  that  the  colourlefs  fpirit  of  fait 
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tbuchedt|iisTed:incniRation»  it  became  bfiadetp 
(hawicokmr,  and  the  phial  y^rcveriic  faadbeeti 
touched  by^dib  acid,  was  pcl&&ly.xieanL  . 
:  Afer  'this  it  iwas  ttnpbiT^iiot  to  conclude  tihat 
the  odour  %0£:'ipirit  ,of  fait  (is.  not  owing  to  pUo-* 
giftib  4Tianer>  iike  the  colpor  d£'  oil  pf  vitrv>l«  or 
that  of  ijpint  of  nitre,  byt  to'im  impir^^natioa  of 
fymt  eattky^  matt^v  iwith^  wfaidi  it  y  is.  known  Toadilf 
«>  unite  i.'&mf:£uiiherobiarvat»)ns  prefently  jdaced 
-this  <hypodi^  'beyond  all  <  pbffibld  doubt.  .  I  was 
now^^  4atisRed^  chait  the^^  produce  o£  fpirit  cf 
f^It>  ^if^^itfi^oprocefe  .abobelmentioned,'.  mufl:  have 
toischai  iiime:  of  the  dayj  !or  TaAdj  with  which  the 
veflMs'^alt  been  i  luted,  and  that  I  the  water,'40  ita 
•  violently' fuffaifig  into  tbeiceceivefe^  jnioft  have;  met 
with  inoret  of  it^  thougjp  atd&tf'time,  fufpedfciiig 
nothing  ofythe  true  caufe.of  the phenonienon^  I: did 
not  perceive  it.  •  ••    ;     h    .,  jmh  Ci 

-      ■  ■»  J  »v  • 
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^  tlur  ^^fjegfMhn  of-  Mcuriiu  Acid  ^ii^  ^rious 

earthyi  Suifiancex, 

HAVING  now,  obfcrved  the  ,ppw«r  of  the 
'  oionne  acid  to  dii&lve  earths,  I  was  defirops 
^  ettmbiog ;  the  circumibkBces  acten^g  varid^ 
^ItKions  <^  this  kind>  Jboth  wjith  i^dpeA  tp.  the 
4Mths  ^emlidvts^  ai|l  .the  6p|Aur.  of  ^^  &cprati^d 
acid.  f 

te  M  4  •  , 

spirit  of  fait  di^lyes  a. great  quantiQr  of  ruj^ 
df  i'ron  with  tffervefcence,  bu(i  not  with  much  heat» 
The  mixture  was  of  a  very  deepj  brown,  apd  what 
was  not  diiS;)lyed  was  of  a  dirtjr  blapkiih  colour. 
But  pofllbJy  this '  might  be  o>ybg  p  riie  rtift  qf 
iron  not  be^ng  perfectly  free  from  all  fpreign  mac- 
Ijers.  The  fpirit  of  lak  thus  faturated  with  thq 
nift  df  iron  diiTolved  iroi)  filings;^  and  produced  iij- 
flammab]e  air  i  after  which  it  wa^  green.  Having 
Saturated  a  quantity  of  fpirit  of  fait  lyid)  the  niil  of 
irpn,  I  eyaporated  it  to  drynefs,  when  all  the  flyid 
part  was  difperfed  in  qobprlpfs  fumes,  and  the  ochre 
was  left  b^ind,  and  was  re-difr9lyed  by  frellt  fpirit 
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of  fale.  I  would  ohfervey  by  die  way^  that  Ipirit  of 
fait  is  of  cxceUent  ufe  to  clean  glals  veflUs  tinged 
with  the  ruft  of  iron,  and  many  odier  nuitters* 
This  may  poffibly  have  been  known  to  others. 
To  me  the  obfervitioa  was  cafual,  imt  of  great 
value. 

This  actd  diflbived  a  larg^  quantity  b(  jbMrj  .^ 
zinc  with  great  Jwat  itnd  cjlervefcence.  During 
the  folution  the  acid  became  of  a  turbid  black 
ixAoiit,  but  When  it  flood  to  fubfide,  die  black 
mailer  flMting  in  it  was  depofited  upon  s  mitture 
of  black  and  white  matoer  at  the  bottom  of  die 
phial>  and  iht  iaturated  acid  was  quioe  cokmtMa^ 
etaftly  like  water.  AUb  when  I  put  ftowers  of  atnfccb 
fpirit  of  fait  deeply  coloured  with  the  ruft  of  iroiH 
the  acid  became  colourkis  again. 

Minnm  became  white  by  the  allufion  of  the 
ipirit  of  fak>  which  acquired  from  it  a  beaudfi^ 
ytUow  colour.  A  great  quantity  of  it  was  difUv- 
ed,  though  more  of  it  remained  undi0blved  than 
of  the  flowers  of  zinc.  When  the  red  cdour  of 
die  minium  was  quite  difcharged,  frefii  ipirit  6f 
fidt,  though  it  diilblved)  and  became  (kuratcd  widi 
the  white  minium^  acquired  no  colour  from  it. 

When  I  had  frequendy  wafhed  a  large  quantity 
of  minium  in  fpirk  of  Uk  (diough  not  till  no  more  , 
of  k  would  have  been  <tiflbtved)  I  put  it  into  a 
^recii  g]a&  retort,  and  expofing  k  to  as  much  heat 

as 
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« 

Aft  ^  f  Us  would  bear,  I  got  from  it  Itardljr  any 
fixed  air,  but  tbout  as  much  dqMog^cdftd  2k 
as  I  imagme  it  woukl  liave  yiekied  before  any 
(pM  4>{  fait  had  been  applied  to  it.  It  feemsi 
dieiefolc,  that  the  fpirit  ^rf^'fak  ifas  no  power 
of  BSbBang  its  property  of  yielding  depUogiftii' 
cased  air.  The  matter  melted  into  a  red  fluid 
fufaftance,  wHch,  when  cold,  expanded,  and  broke 
the  retort.  This  refiduum  gave  a  yellow  tinge  to 
^^nrkofiak 

Spiritof  fafa^  I  have  obftrved,  difiblves  a  great 
quantity  vofminiiim.  In  order  to  difcover  what  be- 
came of  die  dephlogifticaoed  air  it  contains,  I  dif* 
iiBed  aquandty  of  diatfdution,  which  was  ofa  yel- 
low cotoisr,  made  by  the  firft  aAifipfi  of  the  acid. 
Wheft  Ihe  iblution  became  hot  it  yielded  a  quantity 
4ai  dophk^tflkated  «r,  mixed  with  ^  very  fmall 
aiuannky  of  Ibced  air^  Ibas  to  make  lime  w&ter  tur- 
bid odiy  in  die  flighteft  degree*  As  it  b^led,  no  air 
at  all  was  procured^  nor  when  it  was  di^ed  to 
dryneis. 

i  treated  in  the  fame  manner  a  faturated  fdudon 
of  white  minium,  made  Toby  its  colour  having  been 
difcharged  by  a  previous  afilifion  of  the  acid.  But 
this  fohition  yielded  no  air  at  all  from  die  bc^nning 
CO  the  end  of  die  procefs.  Nor  was  the  comn^n 
air  in  die  retort  phlogifticated  either  at  die  beginning 
er  iihe  end. 

Spirit 
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•  Spirit  df  fait  diflblved  a  great  qiiandty  pf  red  fre-* 
npiiatey  widi  great  heat,  but  wkhour  effervi^cenee. 
Duriflgthe'  foliicion  the  acid  was  of  a  tqhbid 
iwhite  cofcur>  and  the  precipitate  is  generally  blacky 
thou^  fiame  parts  off  it  continued  ired  tMl  tbey  weite 
quite  ^difibfared.  But  what  remaiiied  iiiriiflblved  at 
tbe  laft  was:aU  black.  After  it  had  fubfided^  all  the 
lopak^  rinattqr  was  depo^ited^  and  the  acid  was  beaiu* 
ttfliUy  tran^itrent.       y  '' 

This  acid  diflblves  a  great  quantity  o£  I^xala^ 
ininarisy  butnot  t|ie  wfide  of.aiiy  part  of  il  The 
fohitidn  is  made  withom:  heal,  and  it  fe^tK9tx>  ca* 
four  whatever  in  the  f|>iiit  of  fait.      '-''[:', 

Spirit  o(  &lt  had  no  *dk&  whatever  Wi-srud^  an^ 

.tinuntfy  on, wolfrumy  dalciiK^  or  unca^cin^d^  or  oft 

white  arfcfic*.    It  is  not  aflFe^b^d  by  vetmlid^  ffiifn^^ 

idiately  r^but  in  tioie  it  aicquiits  from  it  ajcVdfeiWg 

yellc^w  coknin    Jt  has  aUp^n9  f^ofibl?  inuoediai^ 

;efie&  oh  the  black  pjo^wdeq  into  which  iit^^XHiry  {s 

( converted  i  but  wh^n^e^d  is  mixed  witli  it^  it, -ip 

time,  acquires  a  deep  orange  colour  from  it'    This 

.  mufl  be  produced  by  its.feparating  t]ie  calx  of  lead 

.  from  d)e  fuperphlogifticated  mercury,  with  wl^c^ 

•  it  is  mixed. 

^     All  the  above  mentioned  foludons  are  thofe  of 

:  metallic  earths,  or  other  metallic  matters,  in  fpiiit 

of  iait     The  following  obfervadons  relate  to  the  fo-^ 

lurion  of  eartky  fubftances  of  a  different  kind  in  t^e 

fame  acid. 

« 

Colour- 
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^Colourlds  ipirit  of  lalt  difTolves  completely  a 
great  quantity  oCvery  .whke  Smej  2md  i$  then  <^  a 
flraw  colour;  and  the  fame  was  the  e&£fc  of  the  fi>- 
hidon  of  a  puoe  lime  from  oyfter  fhells.  It  alio  dif- 
iohred  as  much  lime  of  a  common  fort,  and  was  then 
6£  a  true  orange  colour*  But  this .  feemed  to  be 
^nrnig  to  a  brownilh  matter  in  the  lime,  which  was 
{mibably  Tome  eardi  of  iron  that  was  contained 

m  itm  *  v^        

•  This  acid  j  diflblves  a  lai^ge  quandty  of  calcined 
mafnejia^  and  is  then  of  a  ftraw  cdoun  \  '  . 
-  It  dpes  not  fenfibly  tSdSi  gisffs^.  but  when  It  was 
confined  in  a  glafs  cube  hermedcally  feakd,  with,  a 
quantity  oi founded  ghfsr  and  expofed  to  a  boiling 
heat>  the  glais  feemed  to  be  a  good  deal  diflblved, 
and  the  acid  became  of  a  ftraw  colour. 

From  pipe  cky  fpirit  of  fait  acquires  a  delicatt 
yellow  colour. 

Wood  aJheSi  out  of  which  air  had  been  expelled 
by  heat,  were  difTolved  in .  fpirit  of  fait,  and  be- 
came black,  but  the  colour  of  the  acid  was  not 
changed. 

^  The  following  fubflances  were  not  fenfibly  afFcft- 
>d  by  fpirit  of  fait,  viz.  plaifler  of  Paris,  flcatites, 
flint,  zeolyte,  fliuor  cruft,  Mofcovy  talc,  cream 
of  tartar,  fedative  fait,  or  borax.  It  had  alfo  no 
efFed  on  the  black  matter  that  remains  in  the  retort 
after  the  procefs  for  making  ether.  ^ 

The 
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The  Uack  flidces,  whidi  itmatn  after  the  Jbly- 
tkm  of  iilver  in  fpirit  of  nitre,  are  diflbhed  bj  fpxit 
6[{aXx^  and  in^mttoicaydlowcoknir* 

It  appears  to  me  that  it  might  be  of  canfiderabk 
importance  to  the  advancement  of  chenucal  kooiw-* 
ledge  to  go  through  with  die  examinadQii  of  ali 
eardiy  fiibftgnces  k  this  maaner^  afcertabing  whe*^ 
Cher  they  be  foluhkor  infolubk  infpint  of  iali;  and 
noting  all  the  phenomena  refpefting  either  the  earths 
diemfebes»  or  the  acid,  and  comparing  die  refolcs 
with  the  efib£b  of  odicr  acids,  &c.  on  the  iaoie 
earths*  If  any  ihiog  of  diis  kind  be  done^  at  kail 
tDtnuch  cxtefiti  itis  ntdtaown  to  me. 


SEC 


SECTION      III. 

s  r dating  to  the  Dijibarff  if  the  C^lwr  rf 
various  Sokiions  made  bj  the  Marine  Acid. 


I  HAVE  mentioned  one  inftance  in  which  a  co« 
loured  ^trit  of  lalt  had  its  colour  diicharged  bjr 
a  iecond  &turation.  Afterwards  I  accidentally  found 
anodier  iubftance  diat  produced  die  fame  effe^l: ;  and 
having  had  die  curioficyto  carrjr  my  obfervadom 
relating  to  diis  fubjeft  to  fbmc  lengthy  I  was  for- 
tunate  enough,  to  fucceed  in  the  inveftig^on  be« 
yond  what  I  expeded,  though  mu6h  ftill  remains 
tp  be-  a(certained  with  relj)e6t  tx>  it; 

I  had  been  extrafting  air  from  cream  ef  tartar  hf 
means  of  oil  of  yitrxol^  firft  in  a  phial  with  a  ground 
ftopper^  widi  very  Utde  hea^  and  dien  widi  a  red 
jiot  (and  heat.^  The  black  refiduum  I  diilblved  in 
fpirit  of  fait,  whidi  was  of  the  ufual  ftraw  colour, 
and  I  found  that,  inftead  of  giving  any  colour  to  it 
(which  confidering  the  blacknefs  of  the  fubftance, 
I  fully  expefted)  it  made  it  perfe6Uy  colourlefs  like 
water ;  ,and^  during  the  folution,  I  perceived  a 
ftrong  fmell  of  liver  of  fulphuf;  Afterwards  I  had 
the  fame  ^efult  from  the  itfiduumof  a  miicture  of 

t  oil 
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oil  of  vitriol  and  cream  of  tartar,  which  had  not 
been  calcmed.  This  matter  being  expofed  to  the 
open  sur  attraded  the  moifture  of  the  atmofphere 
very  ftrongly,  and  had  the  confiftence  and  fmell  of 
treacle.  In  time  the  more  folid  part  formed  itfelf 
into  a  cake,  and  pouring  off  the  watery  part,  I  dried 
the  reft  £br  other  purpofes. 

« 

After  this  I  had  the  fame  efFeft  fix>m  the  mere 
C9d  (f  cream  of  t/artw^  calcipod  to  biackneis.  Tly 
ftoell  of  this  tartar,  durii^  the  calcination,  ezaftly 
refembled  that  of  fugar  or  treacle.  To  ipiritof 
fait,  this  coal,  which  was  diiTolved  by  it  very  rapid* 
ly,  gave  no  colour  whatever ;  but,  on  the  contraryf 
difcharged  whatever  colour  it  had  acquired  by  any 
other  impregnation ;  provided  that,  as  in  all  the 
fermer  cafes,  the  colour  was  not  too  deep  in  prcpor-r 
tion  to  the  quantity  of  the  coal  of  tartar.  For  the 
purpofe  of  theie  experiments  I  happened  principally 
to^^make  ufe  of  a  quantity  of  fpirit  of  &lt  which  had 
acquired  a  beautiful  yellow  colour  from  the  folution 
of  the  white  matter  that  remains  aftdl*  diftilling  to 
drynefs  a  quantity  of  common  oil  of  vitriol,  the  co«- 
lour  of  this  folution  being  eafily  difcharged  by  a 
imall  quantity  of  the  coal  of  tartar,  and  thereby  an- 
fwering  my  purpofe  remarkably ,  well  in  the  fubie- 
guent  experimeiits.  ^    .         ; 

Tartar  calcined  to  whitenefs  (the  black  cplour 
being  expelled  by^long  coi^tin^d  heat]^  had  the  fame 

.      *  '   '  cffcdk 
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cfic£t  OD  the  coloured  fpirit  of  £dt  with  die  black 

coal  of  tartar^  and  was  diilblved  with  equal  rapiditjr* 

The  power  of  this  coal  of  tartar  to  difchaige  die  co* 

lour  of /pirit.pf  fait  was  exhaufted  by  being. ufed  for 

this  purpofe.     For  when  it  had  difcharged  the  co« 

lour  of  one  icnpregnation^and  ,was  taken  out,  well 

waflied,  and  dried,  it  had  no  eiFed  a  fecond  time. 

It  alio  loft  this  virtue  by  being  waflied  widi  fpirit 

of  fait  that'had  not  been  coloured  widi  any  impreg- 

nadon. 

The  iblution  of  fait  of  tartar  in  fpirit  of  fait  very 

much  rciembled  the  folution  of  the  coal  of  tartar  in 
i^  and  after  the  longed  calcinadon  that  I  ever  gave 
the  coal  of  tartar,  it  ftill  yielded  a  great  quantity  of 
fixed  air.  .  But,  notwithftanding  this  refembknce, 
thcjalf  p/larlar  had  no  elFedt  on  the  colour  of  this 
acid,  neither  was  the  colour  fenlibly  affedted  by  an 
impregnadon  with  fixed  air.  It  was  not,  therefore, 
the  fixed  air  in  the  tartar  that  had  produced  this 
effea.  •   . 

I  haye  obferyed  that  the  coal  of  tartar,  during, 
its  foludon  in  the  fpirit  of  fait,  emitted  a  fmell  of 
liver  of  fulphur.  This  gave  me  the  hint  of  t^ing 
liyer  of  fulphur,  and .  I  prefendy  found  it  an- 
fwered  my  purpofes  much  better  than  the  coal  of 
tartar  itfclf,  difcharging.  inftandy  the  decpeft  yellow 
colour  thai  the  acid  ever  acqi»ired.  It  was  evident^ 
djcrefore,  that  the  difcharge  of  the  colour  was  owing^ 

to 
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to  ibmeditng  common  to  &e  coal  of  tartar  and 
liv<cr  of  fulphttt-,  which  I  imagined  to  be  phlogiftoti 
in  fome  common  ftats>  an  hypothefls  which  was 
rendered  more  probable  by*  an  experiment  that  will 
be  recited  prefeiidyi  though  it  is  certainly  not  fa- 
voured by  the  Bowers  of  i6nc  producing  die  lame 
c0ea. 

The  moft  remarkable  drcumftance  rekdng  fo 
die  difcharge  of  the  colour  of  ipirit  <^  iak  is  diac^ 
when  it  is  expofed  to  the  open  air,  it  never  fiuls  to 
itcover  the  cobur  diat  had  been  diiehai^ed»  and  a 
very  litde  air  confined  in  the  fame  phial  with  it  is 
iufficient  for  die  purpofe. 

The  firft  dme  diat  I  obierved  this^  was  when  I 
had  coloured  a  quamity  of  fpirit  of  £dt  with  the 
reiiduum  of  oil  of  vitriol^  which^  as  I  have  obfervcdj 
{^ves  it  a  yellow  dnge^  and  had  diichai^ged  the  co* 
lour  by  the  (blution  of  black  cosd  of  tartar*  For 
when  I  had,  for  fome  purpofe  or  odier,  taken  out 
the  ftopper  of  die  phial  in  which  it  was  kept,  I  found 
diat,  in  a  few  days,  it  had  completely  recovered  its 
former  yellow  colour. 

When  this  proceis  is  made  in  a  tall  phial,  it  is 
pleafing  to  obferve  how  die  reftoradon  of  the  co- 
lour begins  at  the  top^  and^  In  the  courie  of  a  few 
days,  defcends  gradually  to  die  bottom.  Btit  let  it 
be  kept  ever  fo  long  in  a  phial  cloied  ftopped,  where 
no  air  can  have  acce&  to  iCj  and  it  will  always  con- 
tinue 
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tiiHie  colourkfs.  I  once  kept  a  quantity  of  Ipirit  dF 
£d^  fipft  coloured,  and  then  rendered  tranfearent,  th 
this  manner,  feveral  months,  in  a  phial  widi  a  glafe 
Copper,  and  it  C6ntinued  colourlefi  all  the  time ; 
but  upon  taking  out  the  ftoj^r,  it  recovered  in  a 
km  days  its  original  colour,  but  more  coal  of  tar* 
tar  difi^rged  this  cdbur  a  iecond  time. 

I  once  had  an  inilance  of  a  quantity  of  this  acid 
recovering  its  cotour  fpontaneouQy  in  a  manner  that 
I  cannot  well  account  for.  After  the  colour  had 
been  completely  difcharged,  it  had  been  confined  in 
a  phial  with  a  glafs  (topper,  and  a  v^ry  fmall  quan- 
tity q£  air.  In  thefe  drcumftances  it  recovered  its 
€oiour  in  two  or  three  days ;  but,  in  a  few  days  more, 
widiout  having  been  opened  in  the  mean  time,  it 
was  found  colourlds  again.  I  fuppofe  there  might  re- 
mrai  enough  of  the  bkck  coal  in  the  acid  to  difcharge 
all  the  colour  it  had  been  able  to  recover  by  means 
of  th6  air  on.  its  furface  5  but  then  why  did  not 
die  iame  cade  prevent  its  recovering  its  colour  at 

Something  fimilar  to  Ais  was  the  following  ob- 
Icrvation;  On  the  19A  of  November  1778,  hav^ 
iiig  a  quantity  of  fpirit  of  fait  which  had  acquired  a 
deep  ycBow  colour  from  various  impregnations,  I 
took  two  equal  quantities  of  it,  and  putting  them 
into  equd  phials,  I  difcharged  the  colour  of  one  of 
them  with  Uver  of  JuiphuTy  and  that  of  die  other 

Vol.  III.  Q,  with 
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vn^  flowers  rfzinc^  ohferving  that  a  large  quantity 
of  the  latter  was  neceflary  for  the  purpo(e>  but  onl/ 
a  very  fmall  quantity  of  the  former.  In .  the  dif- 
charge  of  the  colour  with  the  flowers  of  zinc  I  alio 
perceived  a'llight  fmell  of  liver  of  fulphur. 

iThefe  two  phials,  containing  equally  colourlds 
Ipirit  of  fait,  I  covered  with  equal  jars  of  common  air 
{landing  in  water  $  and  in  a  day  or  two  perceived 
that  the  acid  in  both  of  them  had  begun  to  recover 
its  yellow  colour ;  but  that. in  which  the  colour  had 
been  difcharged  with  flowers  of  zinc  went  no  &rther 
than  about  halfway  towards  the  bottom  of  the  phial^ 
and  then  the  acid  gradually  became  colpurleis  again  i 
whereas  the  acid  in  the  other  phial  completely  re* 
covered  its  former  colour.  Thus  they  continued 
without  any  appearance  of  a  farther  change^  till  De^ 
cember  3,  nirhen  I  examined  the  air  to  which  they 
had  been  expofed,  and  found  it  nearly .  in  the  famt 
ftate  in  them  both,  and  confiderably  worfe  than 
common  air.  With  the  air  expoled  to  the  plual 
with  the  flowers  of  zinc  the  meafuces  of  the  teft 
were  1.35,  and  with  the  liver  of  fulphur,  1.33.  • 
With  the  common  air,  at  the  fame  time^  diey  were 
1 .1.  Confidering  the  difference  of  die  circumftances 
in  this  experiment,  I  had  expeded  a  greater  difllcr* 
cncc  in  the  refult. 

Both  liver  of  fulphur  and  flowers  of  zinc^  I  have 
obferved,  difcharge  the  colour  of  Ipirit  of  faltp    But 

whcii 


Se3.If^.  MARINE    ACID*     .  O.TJ 

when  I  difcharged  die  coldur  of  a  quandty  of  diis 
acid,  made  very  yellow  widi  various  impregnadons, 
with  liver  of  fulphur,  it  recovered  its  colour  by  bemg 
expoied  to  the  open  sdr.  On  the  contrary^  though 
flowers  of  zinc  produced  the  fame  efiedt,  in  dis- 
charging the  colour  of  another  portion  of  the  fame 
acid,  the  colour  did  not  return  by  expofure  to  the 
air,  not  even  though  liver  of  liilphur  was  afterwards 
put  to  VL 

It  IS  evident  from  thefe  experiments,  that  the  co^ 
hur  of  thefe  impregnations  arofe  from  their  imbibing 
dephlogifticated  air  fix>m  the  atmofphere. 


SECTION      IV. 

Of  the  EffeS  of  a  cmtinued  Heat  on  Spirit  of  Salt  in 
GUtfs  Tubes  bermeticaUy  fealed. 

HAVING  made  thefe  ibludons  of  earthy  mat- 
ters in  fpirit  of  falt^  I  expofed  feveral  of  the 
iatUrated  fohitions^  and  other  things  into  which  the 
marine  acid  enters  to  a  continued  heat,  and  noted 
feveral  remarkable  efic&s  of  that  process.  But  be- 
five  I  relate  any  of  them^  it  will  be  proper  to  give 

Q  2  an 
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an  account  of  the  treating  of  pure  (pirrt  of  fait  in 
the  fame  manner,  befides  what  has  been  faid  of  this 
procefs  in  a  former  fe£Hon.  In  general,  the  fpirit 
of  fah,  expofed  to  heat  in  glafi  tubes  heraieticaUy 
lealed,  is  enabled  to  do  what  it  is  incapable  of  in 
other  circumftances,  viz.  to  diflblve  the  gkfs  itfclfi 
and  more  eafily  to  feize  upon  met^lic  matters^  » 
the  calx  of  lead,  and  therewith  to  form  a  eonciete 
fubftance,  into  which  the  acid  itfelf  enters.- 

On  the  3(bth  of  Auguft,  1777,  ^  cxpofed  to  a 
boiling  heat,  in  a  glafs  tube  about  four  feet  long,  and 
one  third  of  an  inch  in  diameter, '  as  much  (pirit  of 
fait  as  meafured  in  the  tube  about  an  inch  in  length, 
and  kept  it  boiling  about  two  hours.  After  this  the 
acid  was  (till  quite  tfanfpttftntj  -saui  the  quantity  not 
fenfibly  changed  ;  but  I  obicrved  that  there  was 
formed,  as  it  cooled,  a  number  offmall  cryftals, 
perfedly  white,  at  the  bottom  of  the  acid,  and  ad* 
hering  to  the  fides  of  the  tube.  When  1  melted  the 
end  of  the  tube  with  a  blow  pipe,  the  prcffujre  qf 
the  atmofphere  forced  the  glafs  inwards.  From  this 
it  was  evident  that  there  had  been  a  decreafe  of 
elastic  matter  within  the  glals,  which  muft  have 
4)cen  produced  by  the  incorporation  of  the  a^rid  va- 
pour in  the  cryftals  that  I  have  nientkmed :  for  had 
•it  been  a  mere  abrafion  of  die  glals,  befides  chat,  it 
would  have  been  a  powdery  fbUlance,  and  hoc  .  iti 
a  concrete  mafs,  the  acid  vs^ur  would  have  bccfn 

5  f« 
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fct  loofc  by  the  heat,  and  therefore  would  have 
prc0ed  the  foftened  ^afs  outwards. 

Making  life  of  a  tube  an  inch  wide,  and  putting^ 
into  it  half  an  ounce  nr^eafure  of  tran{parent  fpirit  oj^ 
lalt^  the  cryftals  began  to  be  formed  in  about 
an  hour  above  the  fur(ace  of  the  acid,  and  coated 
the  tube  about  three  inches,  but  all  of  it  on  the  up* 
per  (idej  the  tube  having  been  placed  in  an  inclined 
pofitioa* 

:.  When  I  expoied  lo  the  lame  heat  the  two  tubes 
mentioned  before,  in  one  of  which  the  acid  was  co* 
loured,  and  the  other  not,  I  ohferved  that  more  of 
this  folid  ihaitter  was  fornned  in  the  fornrier  thao  in 
tiie  latter,  the  acid  haying  become  coloured  by  dif-^ 
folvtng  the  gUfs. 

' .  When  any  of  thefe  tubes  happened  to  be  cracked 
in  the  procefe,  which  was  frequently  the  cafe,  there 
was  always  a  confiderable  incruftation  formed  on  the 
outfide  of  the  glafs,  fpreading  from  the  cracky  out 
fii  which  the  acid  had  efcaped. 

Having  obferved  that,  in  propordon  as  dits 
earthy,  or  rather  faline  matter  was  formed>  the 
acid  was  diminifhcd  ;  to  try  whether  there  was 
any  difference  in  the!  acid  that . remained  from 
what  it  had  been,  I  took  it  out  of  the  tube  in  which 
it  had  been  expofed  tgthe  heat,  and  jexpqfed  it  again 
-in  a  frefli  tube.;  but  I  found  that  more  faline  ma&- 
tBCr  was  formed  in  this  tube,  exadUy  a&  in  the  for- 
mer, .  I  repeated  the  fame  procefs  on  the  acid  th^c 

Q^;3  remained 
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yemabed  in  the  iecond  tubc>  by  putting  it  into  a 
third,  when  more  faline  matter  was  produced  \  arid 
this  I  repeated  till  very  litde  liquid  acid  remained^ 
though  the  tube  broke,  and  a  litde  remaining  acid 
dcaped,  before  I  had  quite  finifhed  my  procels  upon  it. 

At  length,  however,  I  completely  efieded  what 
1  had  been  in  purfuit  of.  For  I  expofed  a  quantity 
of  acid  in  this  manner  till  nothing  liquid  remsuned  in 
the  tube.  This  acid  was  diftiUed  water  impreg* 
tiated  with  marine  acid  air,  the  quantity  was  about 
half  an  inch  in  lengthy  in  a  glals  tube  a  quarter  of  ah 
inch  in  diameter.  The  lower  part  of  the  tube  had 
a  thick  incruftation  of  white  matter,  and  no  more 
moifhire  remained  withm  it,  than  what  adhered 
to  the  fides  of  the  tube,  and  would  not  run  down  it. 

Though  the  acid  continued  to  the  lafl:  to  diflblve 
the  glais,  it  was  evidendy  weakened  by  the  conti<* 
nuance  of  this  procefs,  fb  that  though  both  the  ma* 
rine  acid  air,  and  the  water  with  which  it  was  incor* 
porated,  had  entered  into  the  compofition  of  the  la- 
line  matter  formed  within  the  tube,  there  was  in  k 
more  of  the  acid  than  of  the  water.  Having  ex- 
traded  a  confiderable  quantity  of  this  Mne  matter 
from  one  of  thele  tubes,  I  took  out  the  remaining 
acid,  and  from  a  given  meaiure  of  it,  diluted  with 
water,  and  bits  of  iron,  I  got  three  ounce  meafures 
of  inflammable  dr  ;  whereas  from  the  iamc  quan- 
tity of  the  fame  ori^nal  fpirit  of  ialt  I  got,  in  the 
iame  circumflances  4.1  ounce  meafures.    Allows 
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ance»  however,  nitift  be  made  for  the  vapour  that 
had  efcsqped  in  pouring  the  acid  into  the  tube,  and 
.out  of  it  again. 

In  order  to  get  a  quantity  of  this  faline  matter,  I 
kept  a  large  tube  with  about  an  ounce  meaflire  of 
ipirit  of  filt  in  the  (and  furnace  near  three  months, 
and  (ucceeded  pretty  well.  It  was  all  formed  in  or 
near-  the  liirfacc  of  the  acid.  The  heat  had  been  veiy 
moderate.  For  great  care  muft  be  taken  left  die 
glais  ihotdd  burft  in  this  proceis.  It  feems,  how- 
ever, that  when  the  heat  is  more  confiderable,  the 
hotter  acid  may  diflblve  the  concreted  faline  matter 
that  it  comes  into  contad  with,  as  appears  in  the 
ioUowing  experiment. 

•  Having  e3^)oled  two  pennyweights  of  colour-^ 
Ids  Ipirit  of  fait,  in  a  long  tubci  about  one  third  of 
an  inch  in  dianiecer,  the  tube  was  prcfcndy  incrufted 
about  the  length  of  nme  inches  with  the  faline  nut- 
to-,  but  very  thin  j  and  I  obferved  that  there  was 
none  of  it  within  an  inch  of  the  fiirface  of  the  fluid. 
Then  making  it  boil  more  violcndy,  I  obferved 
that  whenever  the  hot  acid  reached  the  incruftation, 
it  difiblved  it,  and  walhed  the  ^afe  quite  clean. 
By  this  means  all  the  incruftation  was  prefendy 
waihcd  off,  and  whik  the  acid  continued  to  boil,  it 
did  not  a|^)ear  again. 

The  redbn  why  this  incruftation  was  generally 
made  at,  or  rather  above  the  furface  of  the  boiling 

0^4  acid. 


5J4  OBSERVATION*  OM  Part  Ih 

actd>  ieem&  t^  be,  that  the  acidlms  {iffm  thi!  imift 
concentrated,  oo  its  expiiiflon  fiom  the  water  \  ind 
this  made  a  ftriking  difference  between  tfacfe  ezpeti-* 
mentSy  made  wirh  fpirit  of  fiJt^  ami  fame  which  I 
made  wbii  water  in  the  fame  manna*.  For  when  I 
bent  the  tubes  ai:  each  end,.,  ande^qielled  tlic:fiqti6» 
b^  heat  fix>m  oife  end  of  tht  tubes  to  thfc  othes:  id-* 
flrmatdyy  I  obfenred  thacwidi  the  fpint  bfftitthe 
incruftations  were  alwaya  made  above  the  &xxb£s:  of 
die. 'boiling  liquor;  wheneas^.ia  the  tubea. 'which 
contained  water  ontjr>  the  •  incnaflations  were '  always 
made  at^the  place  fnnn.  wluch.' the  watef;iiaft  ieva»4 

That  the  fpirit  of  fait,  in  thdfe^experimem5f*(dU^ 
ibhnss  the  ghfi^  and  d^daUy  rthte-tead  tltatHras 
ia  it,  appeared  frqm  the .  ftUowin^..  Qb&rv^6o{ 
which  was  firft.  made  by  Mc^.^l^fimli;  WJV>:Jijap. 
penod  to  be  with  me  ai:  the  timie:.;.  W:fi'ha^.yvti(hcd 
a  quantity,  of  this  ^  earthy^  ot  ^ti^e.  mMter^  13  dialled 
watct;  t^hen  he  obfenred.  th^  itho  water  h^  .(he 
laftc  diJauhfttwn^JatumiM^^'.  #iQ«>  the  Water;'  that 
l;iad  been  uied  in  this  manner;  wai  n^iKed  with  pump 
water^  it  mracd^iit  .whitft^a  vnwiifeft  ptoof  ofbits 

containii^  a  fel^tion  of  kad. 

.  Spirit  o£  &k  doc  only  diifidyed  this  mat^r  when 
it  was  hot,  but  alfo  a  conQderable  proportion  of  it 
when  it  wascold^  When  I  had  waflied  a  quantity 
of  it  frequently  with  diftiiled  Water,  till  it;  was  quite 

infipi(i 
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in&pid,  k  was  not  21  all  afie£bed  by  oil  ef  Ticriol^ 
or  fpirit  of  nitre;  but  when  I  had  poured  upon  it 
fomelpiric  of  fak>  and  Ifct  ^Mia  contimie  together 
a  whole  diiy>  three  grabs  of  k  were  reduced  to  « 
grain  and  a  half;  fo  that  half  of  ic  was  diflQlwd  bf 
the  fpint.x)fJhlt»  and  the  .acid  acquired  a  deep 
orange  celouh  As  all. the  iaIinQ  ni^Wr  hid  been 
iR^ilhed  wx  of  this  /uhfit^ftcfc  .Ip^;  the.  water>  what 
]}emaifieA  m^^  have  bl^en  ^e  f^st^  of :  the  gla& 
reduced  to  a  powdery  form^  proper  for  the  (pisrii 
QffaklPiiift.]ap9iiv  :  _:       .   ..     '         ' 

.  There  was  ;ift  incrullaiion;  p^whkiih  nMtter  when 
I  olade  theie  experiments  in' the  rgl^cen  OK  the  black 
botde  glais^  which  has  no  lead  in  %  but  it  is  mani* 
feftly  of  a  different  nature  from  that  which  is  ibrm* 
ed  ID  the  flint  glafs.  The  quandty  is  much  kfi^ 
and  it  difiers.from  the  other  in  leveral  refpeAs. 
When  1  dt{^)ed  a  lai^  piece  of  a  glafs  tube,  cociv* 
pkiiely  covered  with  this  inoruftation,  and.  which 
was  pcrfeiUy  white,  in  frefli  Ipirit  of  falt>  it  pnefendy 
diiappeaMd,  as  if  the  acid  had  difiblved  it  all  at 
once;  and  the  incruftation  f^emed  to  imbibe  th« 
acid,  as  a  v^t  fpunge  imbibes  water :  fbr  when  the 
lower  pait  of  it  was  dipped  in  the  acid,  it  {mfendy 
aicended,  and  moiftened  the  upper  part.  But  when 
I  took  this  tube  out  of  the  acid,  and  dried  it  in 
the  open  air,  the  incruftation  re-appeared,  exaftly 
as  at  firft,     Alfo  the  acid  in  which  it  had  been  long 

plunged 
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plunged  was  not  tinged  by  it^  or  only  in  die  fmall- 
eft  degree  imaginable. 

This  incruftadon  alfo  adhered  much  more  firmly 
to  the  green  glafs  than  to  the  flint,  and  when  it  was 
fcr^>ed  off  with  the  point  of  a  knife,  though  it  lefjc 
the  glals  tranfparent^  it  was  not  quite  fb  well  polifh- 
ed  as  before:  fo  that,  probably,  the  glafs  had 
been,  as  it  were,  abraded,  die  texturd'  being  broken, 
but  not  fo  much  as  to  make  it  feparate  firom  the 
tube. 

I  ihall  in  this  place  mention  an  ekperiment  fimi- 
lar  to  idlofe  above  on  the  marine  acid  air  it(elf«  I 
buried  a  Aint  glafs  tube  filled  with  this  icind  of  air 
in  hot  &nd,  and  let  it  continue  there  fome  weeks. 
When  I  took  it  out^  it  was  covered  with  a  white 
incruflation.  I  broke  the  end  of  the  tube  under 
quickfilver,  and  found  that  feven  eights  of  the 
whole  quantity  had  beea  abfbrbed^  and  water  im^ 
bibed  about  half  the  remsdnder.  The  very  fitdc 
that  was  left  was  phlcgifticated  air.  .  This  tube  had 
been  filled  with  fo  much  care,  that  I  cannot  think 
there  had  been  any  common  air  in  it. 

I  have  feveral  times  repeat<:d  this  expefiment, 
and  find  that  no  great  degree  of  heat  is  requifitc 
to  convert  the  marine  acid  air  into  this  white  iub«- 
fiance.    It  is  not  at  all  afiefted  by  fpirit  of  fait. 


SEC- 
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SECTION    V. 
Of  tie  depblogtfticated  Marine  Acid^ 

SEVERAL  years  ago  Mr.  Woulfc  informed 
mty  diat  he  thought  that,  by  operating  in  my 
way,  I  fhould  be  likely  to  find  ibmething  remark-^ 
abk  in  the  foludon  of  mangamje  in  fpirit  of  fait ; 
bu^  in  a  very  friendly  manner,  he,  at  the  iame 
time,  cautioned  me  with  refpeft  to  the  vapours 
diat  wodd  ifiue  from  it,  as,  fibm  hU  own  experi- 
ence,  be  apprehended  it  was  of  a  very  dangerous 
nature.  He  was  alio  fo  obliging  as  to  fumifh  me 
widi  a  quantity  of  manganefe  for  the  purpofe.  I 
cannot  fay  diat  it  was  die  apprehenfion  of  danger, 
but  rather  having  other  dungs  in  view,  that  pre- 
vented  my  giving  much  attention  to  the  fubjeft  at 
that  time  \  and  I  fhould  probably  have  deferred  it 
ftill  longer,  had  not  Mr.  Fabroni  informed  me  of 
the  dephlogifticating  power  of  manganefe  with  re- 
fpedt  of  fpirit  of  fait,  difcovered  by  Mr.  Berg- 
man 

This  information  fuggeffacd  a  wifh  to  procure  a 
quantity  of  a  perfefdy  dephlogiilicated  marine  acid, 

in 


^  ■- 


in  order  to  (atisfy  myfelf  whether  it  would  then 
yield  any  acid  air^  as  it  does  in  its  common  ftate, 
that  15^  when  phlogifticated ;  fuipedting  that  it  wotild 
not,  as  I  had  always  imagined  that  a  certain  por- 
tion of  phlogifton  is  neceflary  to  ail  fubftances,  and 
eipecially  acids,  aiTuming  the  form  of  air. 

The  experiments  diat  I  have  made  t^n  this 
fubjed  give  much  weight  to  this  opinion,  and  at 
the  fame  dnne  throi^  great  light  on  the  gener^ 
dofbrine  of  thefe  kinds  of  air.  For  it  app^rs  tlut 
tbc  marine  acid,  ^^hen  it  is  deprived  of  its  phlo- 
g^n,  is  brought  into  a  ftate  very  nearly  i^embliqg 
the  nitrous  acid;  being  then,  incapable c of  being 
exhibited  in  the  form  of  ^  air,  that  is,  of  air  capahtf 
rf  being  confined  by  quickiUver.  For  the  mo* 
ment.  that  the  vapour,  which  then  iifiies  from  it,  is 
adnriitted  to  quickfilver,  it  unites  with  ic;  and  forms 
i  white  powdery  fgbftance,  in;  the  iatpe  manner  ais 
the  nitrous  add  vapo^:  does  i  and  wb^n  I  pffome 
thefe  experiment^'  I  fliaU  probably:  find  that,  with 
oily  and  other  fubftances>  this  dcphlo^ftieated  naa* 
rihe  acid  vapour  will  form  compoupds  equally  fimU 
lar  to.  thofe  formed  with  them  by  the  nitrous  acid 
vapour.  This  is. a  new  field  that  is  yet  befocc 
me. 

From  this  analogy  it  is  evident,  that  nothing  it 
wanting  to  the  nitrous*  acid  vapour,  to  its  afluming 
the  form  ofah-y  but  a  fufiicient  quantity  of  phlo*- 

gifton; 
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g^on;  and  when  it  has  got  this  phIogtfl:on>  it  is 
wtnms  mr.  This,  therefore,  is  probably  the  neareft 
aj^MYMch  that  we  ihail  ever  make  towards  brings 
ing  the  nitrous  acid  into  the  form  of  air  j  and  it  is 
probaUy  the  combination  of  fo  much  phlogifton 
with  this  acid,  in  the  compofidon  of  lutrous  aar, 
chat  makes  it  not  fb  readily  abfbrbed  by  water,  as 
die  marine  acid  air,  or  vitriolic  acid  air ;  both  which 
&em  to  be  compounds  exadtiy  fimilar  to  that;  of 
nitrous  air.  I  fhall  relate  the  experiments  whkh 
led  CO  thefe  ideas  in  the  order  in  which  I  made 
theui. 

I  began  ^widi  putting  fpirit  of  fait  upon  man- 
g^UKle>  aiid  then  diftilling  it,  as  Mr.  Fabroni  had 
diredkied  me ;  when  the  firil  obfervation  that  ftruck 
Aie,  w^  a  peculiar  fmell,  exadUy  reiembling  that 
wliich  is  procured  by  difiblving  red  lead  in  the 
&aie  add.  I  then  put  a  quantity  of  this  diftilkd 
acid  into  a  phial  with  a  ground  fiopper,  and  a  tube 
conneded  with  it,  and  proceeded  as  I  fliould  havt 
done  to  jeaqpel  lur  fix)m  any  other  fubfiance,  with 
the  flame  of  a  candle,  receivii^  the  produce  in 
qinckfilver.  On  the  application  c^  heat,  m  tbefe 
circumftances,  it  was  eafy  to  perceive  that  air,^  or 
vapour,  was  expelled ;  but  it.  was  inftantly  fetzed  by 
the  quickfihrer,  and  formed  a  black  cruft. 

Examining  the  air  that  was  lodged  at  the  top  of 
the  phial,  and  confequendy  had  beea  mixed  wztk 

this 
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this  acid  vapour,  I  found  it  very  litde,  if  at  all,  in* 
jured.  This  was  owing  to  there  being  litde  or  no 
phlogiilon  combined  with  the  vapour^  or  ieparable 
fiom  it.  * 

I  then  fully  impregnated  a  quantity  of  fpirit  of 
lalt  with  manganefe,  by  confining  them,  together 
in  the  fame  phial ;  and  I  afterwards  endeavoured  to 
expel  air  from  the  acid  thus  altered.  But  ftill  the 
vapour  that  came  over  immediately  united  widi 
the  quickfilver,  and  made  a  kind  of  amalgam  with 
it,  which,  when  dry,  was  a  whitifh  or  grey  powder. 
The  common  air  within  the  phial  was  not  injured 
in  this  cafe,  any  more  than  in  the  fbmier. 

The  above-mentioned  powdery  fubftance,  being 
expofed  to  the  heat  of  a  candle  on  a  piece  of  thin 
glafs,  evaporated  in  white  fumes,  but  left:  behind 
it  a  fmall  quantity  of  reddifh  matter,  not  very  un* 
like  red  precipitate ;  which  is  anodier  refemUance 
between  die  marine  acid  thus  altered  and  fpirit  of 
nitre.  After  expofing  this  red  matter  for  fbmc 
dme  to  a  moderate  heat,  it  became  white,  and  fiib- 
limed  without  any  fenfible  change.  When  it  was 
expoied  to  the  focus  of  a  burning  lens,  upon  quick- 
filver,  it  yielded  no  fenlible  quantity  of  air.  I  had 
imagined  that,  at  leaft  during  the  preience  of  heat, 
the  acid,  which  was  latent  in  this  white  fubfbuicej 
might  have  afTumed  the  form  of  air,  but  I  ivas  dif- 
appointed  in  that  expeftadon. 

The 
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The  marine  add  impregnated  with  manganeie 
having  the  very  fame  fmell  with  this  acid  impreg- 
nated with  red  lead,  I  was  led  to  repeat  the  pre- 
ceding  experiments  i^nth  this  fubftance  aUb^  and  I 
had  the  fame  general  refults.  For  the  vapour  emiu 
ted  by  it  inflantly  united  with  quicklilver,  and  formed 
with  it  a  white  powdery  fubftance,  of  which,  with 
a  proper  apparatus,  I  colledted  a  confiderable  quan- 
tity, 

Mr.  Bertholet  has  fhewn  that  what  is  called  de^ 
fblagifticated  marine  acid^  is  that  acid  faturated  widi 
dephlogifticated  air,  which  it  gets  from  the  manga- 
neie or  minium.  His  difcoveries  relating  to  this 
iiibjedb  are  among  the  moft  brilliant  that  this  age,  fo 
fruitful  in  difcoveries,  has  produced. 


PART 
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PART       IlL     • 

OP    THE    PHOSPHORIC    ACID* 

HA V I N  G  made  fo  many  experiments  on  the 
acidsj  with  a  view  to  reducing  them  to  the 
form  of  air,  and  upon  their  properties  when  exhi- 
bited in  that  new  form,  it  might  have  been  <xpe&ed 
that  rihould,  before  this  time,  ha;ire  taken  notice 
of  the  fho/pboric  acid^  which  is  fo  remarkably  dif- 
ferent from  the  other  acids,  and  which  bears  fo 
near  a  relation  to  the  animal  oeconomy.  The  true 
reafon  of  this  feeming  negleft  of  fo  important  a 
fubjeft  of  experiment  was  the  expencc  neceffary  to 
procure  it  in  any  tolerable  quantity.  At  length, 
however,  I  procured  a  quantity  fufficient  for  a  few 
experiments,  not  undeferving  of  being  related. 

Chemifts  do  not  need  to  be  informed  of  the 
method  of  procuring  this  liquid  acid  from  folid 
phofphorus ;  but  for  the  fake  of  perfons  of  only  a 
general  philofophical  turn,  like  myfelf,  it  may  be 
worth  while  to  obferve,  that  this  acid  is  eafily  pro- 
cured, with  time,  by  expofing  it  to  the  open  air  in 
the  moudi  of  a  funnel,  going  into  a  phial  which 

receives 
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receives  ^e  acid,  as  the  pho(|)horus  gradua%  waftes 
by  thi«  Idad  of  aocenfion.  It  muft  be  fet  in  a  place 
tteitber  ^wiy  told,  not  very  warm.  But  this  depends 
upon  the  confiftence  of  the  phofphoms,  and  other 
drGUmftanctft,  ythkh  muft  be  karnfed  by  experi- 
etioe.  If  it  finokes  vety  nnuch,  it  is  a  (igh  that  it  is 
tm  wamij  and  is  id  danger  of  taking  Sfre,  in  which 
ode  k  may  be  ikved  by  plunging  k  inftantly  in 
Mtter. 

H^mng  {irocured  my  phofphorus,  I  firft  obferv- 
cd,  that  the  water  in  whkh  it  had  been  long  kefpt 
had  aoduiig  acid  in  k.  F05  being  mixed  widi  wa- 
ter made  blue  wkh  tfce  j«ice  of  turAfcAe,  it  did  not 
aficdt  its  colour,  which  (hews  that  no  proper  decom* 
pofidon  of  k  takes  place  in  water*  Having  then 
expo&sd  it  ^  the  opm  air,  in  the  manner  defcribed 
Jteve^  I  got  a  quantity  of  the  acid  with  which  I 
made  ^  f(^o^ing  obfervations. 

WiA  relpeft  to  airy  this  acid  very  much  refem- 
bles  rwAcal  vinegar,  or  rather  the  vitriolic  acid. 
F6r  though  die  application  of  heat  Converts  it  into 
vapdur,  k  is  all  condenied  ^in  in  the  temperature 
rf  Ae  atmolphere,  and  no  part  of  it  remains  per- 
manent elaftic  air.  I  made  the  experiment  in  a 
^bfs  tube  bent  a  litde  like  a  retort,  the  open  end 
of  whieh  turned  up  into  a  veflfel  filled  with  quick- 
filvtr,  and  immerfed  in  a  bafon  of  the  fame.  When 
I  made  the  acid  boil,  the  vapour  paffed  into  the 

Vol.  III.  R  recipient. 
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recipient,  but  it  was  wholly  condenfed  there,  and 
the  liquor  fo  coUeffced  did  not  differ,  as  far  as  I 
could  perceive,  from  what  it  had  been  before  th^ 
evaporation. 

As,  like  the  vitriolic  acid,  this  gave  no  air  of 
itfelf,  I  thought  that,  like  this  acid,  it  might  pof- 
fibly  give  fomething  fimilar  to  the  vitriolic  acid 
air  •  by  means  of  fubftances  containing  phlogifton* 
With  this  view  I  kept  it  in  a  boiling  heat  both 
with  quicklilver,  and  alfo  with  fplrit  erf*  wine,  but 
without  any  effeft;  and  even  the  common  air, 
that  was  expelled  from  the  phial  in  which  the  ex^ 
periment  was  made,  was  not  lenfibly  j^ogifti- 
cated. 

This  acid,  however,  refemUed  that  of  vitriol 
and  radical  vinegar  in  this,  that  it  readily  diUblved 
iron,  efpecially  with  the  aid  of  a  little  heat,  and 
with  it  yielded  a  flrong  inflammable  air.  But  there 
is  fomething  more  remarkable  in  the  produce  of 
inflanrunable  air  from  it  by  means  of  minium. 

In  order  to  try  whether  this  acid  had  any  of  the 
properties  of  the  nitrous,  I  mixed  it  with  ibme 
minium  out  of  which  all  the  air.  had  been  expelled 
by  heat.  This  fubftance,  in  this  fiate,  I  had  found, 
when  mixed  with  nitrous  acid,  yields  dephlog^- 
cated  air,  but  no  air  at  all  with  the  vitriolic  or.  the 
marine  acid.  The  pholphoric  acid  mixed  with  this 
minium  with  little  or  no  fenfible .  heat>  but  the  mix* 

turc 
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ture  expofed  to  the  flame  of  a  candlfe  yielded  air 
very  plentifully,  and  it  was  very  turbid,  I  received , 
it  in  Jime  water,  but  it  did  not  precipitate  the  lime^ 
except  in  the  fmalleft  degree.  The  air  I  got  in 
this  niethod  was  not  afiefted  by  nitrous  air,  nor 
did  it  afieft  common  air,  but  was  flrongly  inflam- 
mablcj  burning  with  a  bright  white  flame ;  and  the 
fmell  of  the  w  was  the  fame  with  that  of  thd  ' 
ftrong  fmell  of  phofphorus.  The  maflicot  became 
of  a  darkifh  grey  colour,  or  nearly  black  by  this 
proceis. 

Having  a  quantity  of  the  mixture  of  phofphorid 
acid  and  ipirit  of  wine,  remaining  from  the  experi- 
ment above-mentioned,  and  not  being  willing  to 
Jofc  it, .  I  likewife  muted  it  with  fome  of  the  fame 
maflicot,  and  I  had  the  fame  refult.  The  com^ 
mon  air  that  was  firfl:  expelled  from  the  furface  of 
tihe  veflel  in  which  the  experiment  was  made  was 
not  much  injuredi  the  next  that  came  had  a  fmall 
quantity  of  flxed  air  in  it  \  but  all  the  remainder  was 
flrongly  inflammable,  burning  with  a  yellow  flame, 
the  next  was  more  weakly  inflammable,  and  thd 
laft  produce  was  phlogifticated  air  only. 

The  phlogifton  muft  have  been  fupplied  front 
the  acid|    finee    the    maflicot  does   not  contain 

R  a  About 
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Abom;  the  tiine  that  I  was  making  thefe  experi- 
ments  I  was  making  ob&rvaiions  on  the  €xpofui:e 
Qf  ^  variety  of  fluid  fubftaaces  to  ^  k>Rg  concinuedi 
^eat.  I  therefore  treated  this  acid  in  Ae  £une 
manner,  firft  in  a  long  glafe  tube,  held  la  an  in^ 
dined  pr  nearly  perpendicular  poiidoa,  and  then  la 
a  hoFi;i(pr>tfiJ  one,,  expellipg  the  acid  by  die  heaft 
Irom  o/ie  p^t  Qf  dvs  tube  to  the  other ;  the  reftik 
ef  which  procefe  wds  remarkabif  diflsiciit  ^^om 
iMt  of  .tlip  Qfj^er. 

In  a  glafs  tube  about  thirty  inches  in  leaglk^ 
and  one  third  ci  an  inch  in  dian^ster,  i  pu(  as  much 
of  thiti  acid  as  filled  about  ^a  inch  of  ^e  tube  kk 
length,  aod  iPiUung  it  boM,  ther^  was  a  white  va- 
pour at  die  height  of  about  fifteen  or  eighteen  inchea 
above  i^e  fuj:£u:6  of  the  ackl,  continually  dan^^ 
up  and  down  as  it  bd^.    At  and  below  t\m 
paxt  of  the  tube,  it  was  very  hot,  but  immediately 
abovic  it  was  quite  cold,     i  kept  the  acid  bcnlifig 
feveral  hoiirs  without  any  fenfible  change. 
,    Th^gh  the  pbofphoric  add  was  aot  cKangei 
by  b^i^  &Keral  houis  in  the  (xm{Q  of.  two  days^ 
in  a  glafs  tube  hermedeaUy  #tak(l,  and  phte^  ki 
nearly  n  ye^tif  ai  pofmoa,  yet  when  {  applied  the 
^^  pf  9  paftdk  tQ  ^y  part  of  the  tsube^  «6er  the 
acid  had  left  it  moift  (when  it  had  been  made  €• 
flow  to  the  other  end)  the  glafe  was  inftantly  cover- 
ed 
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«d  ^th  a  whiee  rncrtjftatiori ;  and  repeating  thU 
procefe^  ai?  Ack  end  of  the  tube  alternately,  I  quick- 
If  m*te  the  whole  IbKd.  At  feaff  th^re  was  no 
fhO/6  moifturc  in  thd  tubd  than  adhered  to  the 
fides  of  it,  ind  could  rtot  be*  made  to  flow  at  alL 
'this  ejip^riraeftt  I  repeated  in  feverat  tubes,  and 
ii^ays  wkh  the  fame  refult,  whatever  was*  the  quan^ 
tity  of  the  acid. 

When  the  tube  was  made  very  hot  there  would 
fomctimcs  be  flafhes  of  light  in  the  infide,  extend'- 
xng  the  whole  length  of  the  tube;  and  of  thefe 
there  were  fomcrimes  three  in  the  fanic  t^be  at 
different  times.  Whenever  this  happened,  a  part 
of  the  tube  always  acquired  a  thin  coating  of  orange 
coloured  matter,  fuch  as  remains  upon  glafs  when 
phofphorus  is  really  ignited  upon  it  in  the  open 
air. 

The  white  matter  thus  left  in  the  glafs  tubes 
attrafted  no  moifture  from  the  atmofphere,  at  leaft 
no  fenfible  quantity  of  it,  and  it  was  not  at  all  af- 
fefted  by  fpirit  of  fait.  It  did  not  even  lotig  retain 
any  fenfible  acidity  i  for  when  it  had  been  waflied 
fcveral  tiipes,  the  water  in  which  it  lay  did  not 
even  tura  the  juice  of  turnfole  red. 

If  I  be  aflced  what  becomes  of  the  moifture 
which  rendered  the  phofphoric  acid  liquid  in 
diis  proccfs,   I  fliould  fay  that,  as  in  the  fimilar 
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experiments  with  the  marine  acid,  it  diffolves  the 
glafs,  and  with  it  the  acid  and  water  both  unite  in 
a  folid  form,  as  in  other  cryftallizations ;  and  fince 
I  made  thefc  experiments,  I  have  been  informed  by 
Dr.  Ingenhoufz,  a  man  of  a  truly  philofophical 
and  experimental'  turn,  that  the  phofphoric  acid, 
v^hen  hot,  diffolves  glafs,  cxadUy  like  the  fluo^ 
?icid. 
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EXPERIMENTS  AND  OBSERVATIONS 
RELATING  TO  VEGETAT.ION  AND  RE- 
SPIRATION. 


PART     L 

OiSERVATIONS    AND  EXPERIMENTS    RELATING    TO 

VEGETATION. 


SECTION      L 

Of  the  Reftoraticn  of  Ar  in  which  a  Candle  has 

burned  outy  by  Vegetation. 

IT  is  well  knoKrn  that  flame  cannot  fubfift  long 
without  change  of  air,  fo  that  the  common  air 
is  neceflary.  to  it,  except  in  the  cafe  of  fi^bflances, 
into  the  compofition  of  which  nitre  enters;  for 
theie  will  bum  in  vacuoy  in  fixed  air,  and  even  un« 
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der  water,  as  is  evident  in  Ibme  rockets,  which  are 
made  for  this  purpoie.  It  is  generally  faid,  that 
an  ordinary  candle  cof^mesy  as  it  is  called,  about 
a  gallon  in  a  minute.  Confidering  this  amazing 
confun^on  of  air,  by  fires  of  al  kinds,  vofeanos, 
&e.  it  becomes  a  great-  objeft  of  philofepfiie^  m- 
quiry,  to  afcertain  what  change  is  made- in  the  con- 
ftitution  of  the  air  by  flame,  and  to  difcover  what 
provifion  there  i»  19  Diature  for  re^^edying  the 
injury  which  the  atmofphere  receives  by  this 
means. 

Having  read,  in  the  Memoirs  of  the  Philofophi- 
cal  Society  at  Turin,  vol  L  p..  41^  that  air  in  whick, 
candies  had  burned  out  was.  perfefUy  reilored,  fo 
that  other  candles  would  burn  in  it  again  as  well 
as  ever,  after  having  been  expoied  to  a  confider- 
able  degree  of  coldy  and  Mkewife  after  having  been 
compreflcd  in  bladders  (for  the  cold  liad  been  fup- 
pofed  to  have  produced  this  eflFeft  by  nothing  but 
condenjation)  I  repeated  thofe  experiments,  and  did» 
iadeed^  fiod,  t^at  when  t  comprefled  the  w\x^bladr 
dersy  as  the  Count  de  SalUce>,  who  n^ade  the  ob- 
fervation,   had  done,   the   experiment  fucceeded: 
but  having  •had  fufficient  reaibii  ft>  diiliruft  blad- 
ders, I  compreifed  the  air  in  a  glais  veflel  fbuidin^ 
in  waters  and  then  I  found,  that  this  prMefs-  is* 
altogether  iaeffedtuaL  for  the  purpoie;     i  kqpo  the* 
air  comprefled  much  moce^  and  much  loaffiT^  thaa^ 

the 


die  CoiSBt  had  doiae^  but  widioat  pnidaainp  Tocf 
aheiucion  in  k.  I  s^  find,  th»t  ar  gpcat^sr  degrcNC 
of  cold  their  dnrt  whkh^  he  applied^  and  of  kffiger 
GDntimiancr,  dM  bf  na  meane  reftore  this  kind  of 
air^  for  wfacH  I  bod  €7tp«)fcd  die  phia;h  which  gov* 
tsvied  k  a^^ofe^  night,  in  which  the  frofr  wasi  vcrf 
intenfe ;  and  alfo  when  I  kqse  it  fiinounded  wid»  si 
xncxtuec  €£  ihbvr  and  fait,  I  hkxad  ii^  in^att  re^icfts, 
tfar&SDe:as  before; 

It  lis  alio  advanced;  in  the  fame  Memoir>  p.4iy 
that  beat  onljy  as  ithe  revepfe  of  rt^M  renders  m 
uafit  &ir  asindks  burning  iix  k*  But  I  repeated 
the  expemiear.  of  the  Count  for  diat  purpofe, 
iKithoac  finding  anf  fudi  ^WbSt:  ftom  it  t-  alfo 
raoitniber  tba^  many  years-agoy  i  filled  an- exhouft* 
QsbisQeivcv  widi  air,,  which  had  paftd  dmngh^a 
glafs  tube  made  red  hot,  and  found  ihata  candlt 
would,  bmn  m.  it  pexfeMy  welk  Alfo,  rarefiu6tion 
bjr  the  air  pump  does  not  injure  air  in  die  leaft 
degree. 

Though  tibts  experiment  failed,  \  have  Eiten  fi§ 
happy,  as  by  acddem  to  have  hit  upon  a^  metftod 
of  refloptng  ^p,  which  has  been  ir^wed  by  the 
burning  of  candles,  and  to  have  difcovened  at  leaff 
one  of  dte  reftopatives-  which  nature  employs  for 
dxB/'pwpole;  It  is-  vigiMPiom  This-  reftomtidn'  of 
idciatzd  aiiv  I  Gonjedhipe,^  is*  ef&S?ed  by  plants'  im-^ 
bibing  the  phlog^ftic  matter  with- which  k  is  over-* 

loaded 
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loaded  ^  the  burning  of  inflamniable  bodies.  But 
whether  there  be  any  foundation  for  this  conjefhirc 
or  not,  the  fa£t  is,  I  think,  indiiputable.  I  jQiall 
introduce  the  account  of  my  experiments  on  this 
fubjeft,  by  reciting  fome  of  the  obfervations  which 
I  made  on  the  growing  of  plants  in  confined  air| 
which  led  to  this  difcovery. 

One  might  have  imagined  that,  fince  common 
air  is  neceflary  to  vegetable,  as  well  as  to  animal 
)ife,  both  plants  and  animals  had  afiedted  it  in  the 
fame  manner ;  and  I  own  I  had  that  expectation, 
when  I  firft  put  a  Iprig  of  mint  into  a  glafs  jar, 
Handing  inverted  in  a  veffel  of  water  5  but  when  it 
had  continued  growing  there  for  fome  months,  I 
found  that  the  air  would  neither  extinguifh  a  can- 
dle, nor  was  it  at  all  inconvenient  to  a  moufe,  which 
I  put  into  it. 

.  The  plant  was  not  afiefted  any  otherwiie  than  was 
the  neceflary  coniequence  of  its  confined  fituadon  i 
for  plants  growing  in  feveral  other  kinds  of  air, 
were  all  aiFcfted  in  the  very  lame  manner.  Every 
fucceifion  of  leaves  was  more  ciiminifhed  in  fize  than 
the  preceding,  till,  at  length,  they  came  to  be  no 
bi^er  than  the  heads  of  pretty  fmall  pins.  The 
root  decayed,  and  the  ftalk  al(b,  beginning  from  the 
root ;  and  yet  the  plant  continued  to  grow  up- 
wards, drawing  its  nourifhment  through  a  black  and 
rotten  ftem.    In  the  third  or  fourth  fet  of  leaves, 

long 
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long  and  white  hairy  filaments  grew  from  the  infer- 
tion  of  each  leaf,  and  fometimes  from  the  body  of 
the  ftem,  (hooting  out  as  far  as  the  veflel  in  which 
it  grew  would  permit,  which,  in  my  experiments^ 
was  about  two  inches.  In  this  manner  a  Iprig  of 
mint  lived,  the  old  plant  decaying,  and  new  one$ 
(hooting  up  in  its  place,  but  Icfs  and  lefs  continually, 
all  the  fummer  (ea(bn. 

In  repeating  this  experiment,  care  muft  be  taken 
to  draw  away  all  the  dead  leaves  from  about  the 
plant,  left  they  (hould  putrefy,  and  afFeft  the  air. 
I  have  found  that  a  fre(h  cabbage  leaf,  put  under  a 
gla(s  veflel  filled  with  common  air,  for  the  (pace  of 
one  night  only,  has  fo  affefted  the  air,  that  a  can- 
dle would  not  bum  in  it  the  next  morning,  and  yfet 
the  leaf  had  not  acquired  any  fmell  of  putre- 
&£tion. 

Finding  that  candles  would  burn  very  well  in  air 
in  which  plants  had  grown  a  long  time,  and  having 
had  fome  reafon  to  think,  that  there  was  fomething 
attending  vegetation,  which  reftored  air  that  had 
been  injured  by  refpiration,  I  thought  it  was  poflTiblc 
that  the  fame  procefs  might  alfo  reftore  the  air  that 
had  been  injured  by  the  burning  of  candles, 

Accordingly,  on  the  lythofAugqft  177 1,  I  put 
a  (prig  of  mint  into  a  quantity  of  air,  in  which  a 
wax  candle  had  burned  out,  and  found  that,  on  the 
a7t|)  of  the  fame  month^  another  qandle  burned  per- 
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fedUy  well  in  it.  This  experiment  I  repeated^  wkh-^ 
out  the  leaft  variation  m  the  event,  not  \dk  thao^ 
eight  or  ten  times  in  the  remainder  of  the  fummer. 

Several  times  I  divided,  the  quantity  of  air  in 
which  the  candle  had  burned  out^  into  two  parts, 
and  putting  the  plant  into  one  of  them,  left  the  other 
in  the  fame  expofure^^  contained,  alfo,  in  a  glais^ 
veffel  immeried  in  water,  but  wkhout  any  plant  >^ 
and  never  failed  to  find,  that  a  candle  would  burn 
in  the  former,  but  not  in  the  latter. 

r  generally  found  that  five  or  (is  days  were  fliffiv- 
cient  to  reftore  this  air,  when  the  plant  was  in  it» 
vijgour  ;  whereas  I  have  kept  this  kind  of  air  mg^a& 
veffels,  immerfed  in  Water  many  months,  without- 
being  able  to  perceive  that  the  leafl  alteration  had^ 
been  made  in  it.  I  have  aUb  tried  a  great  variety 
of  experiments  upon  it,  as  by  condenfmg,  rarefying^ 
expofing  to  the  lig^t  and  heat,  &c.  and  throwing 
into  it  the  effluvia  of  many  difierent  fubftances>  but- 
without  any  cSt&. 

Experiments  made  in  the  year  177a,  abundandy 
confirmed  my  conclufion  concerning  the  refterarion 
of  air,  in  which  can(Ues  had  burned  out  by  plants 
growing  in  it.  The  firft  of  thefe  experiments  was- 
made  in  the  month  of  May  j  and  they  werfe  frequent- 
ly repeated  in  that  and  the  two  following  months^ 
without  a  (ingle  failure. 


For 
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For  diis  purpoie  1  ufed  the  flames .  of  dififerent 
Aibftsuices,  chough  I  generally  ufed  wax  or  tallow 
oandks.  Oh  the  a4th  of  June  the  experiment  fuc- 
needed  perfc&Iy  well  with  air  in  which  fpirit  of  wine 
had  burned  out^  and  on  die  27th  of  the  fame  month 
k  fucceeded  equally  well  with  air  m  which  brim- 
ftone  matches  had  burned  out,  an  effed  of  which  I 
had  defpaired  the  preceding  year. 

This  refloradon  of  air,  I  found,  depended  upon 
the  vegetating  fiate  of  the  plant  \  for  though  I  kepc 
a  great  number  of  the  frefh  leaves  of  mint  in  a  fmall 
quantity  of  air  in  which  candles  had  burned  out,  and 
dianged  fliem  frequently,  for  a  long  fpace  of  time, 
I  could  perceive  no  melioration  in  the  ftate  of  the 
air. 

.  This  remarkable  efieft  does  not  depend  upon  any 
thing  peculiar  to  minty  which  was  the  plant  that  I 
always  made  ufe  of  dll  July  1772 ;  for  on  the  i6th 
of  that  month,  I  found  a  quantity  of  this  kind  of 
air  to  be  perfeftly  reftorcd  by  fprigs  of  halm^ 
which  had  grown  in  it  from  the  7th  of  the  fame 
month. 

That  this  reftoration  of  sur  was  not  owing  to  any 
aromatic  effluvia  of  thefe  two  plants,  not  only  appear- 
ed by  the  ejjential  oil  of  mint  having  no  ienllble  effedt 
of  this  kind ;  but  from  the  equally  complete  refto- 
radon  of  this  vidated  air  by  the  plant  called  ground- 
Ji^  which  is  uflially  ranked  among  the  weeds,  and 
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has  an  oflFcnfive  fmell.  This  was  the  refult  of  an 
experiment  made  the  i6thof  July,  when  the  plani? 
had  been  growing  in  the  burned  air  from  the  8  th  of 
the  fame  month.  Befides,  the  plant  which  I  have 
found  to  be  the  moft  effe<5lual  of  any  diat  I  have 
tried  for  this  purpofe  is  Jfinach^  which  is  of  quick 
growth,  but  will  feldom  thrive  long  in  water.  One 
jar  of  burned  air  was  perfedtly  reftored  by  this  plant 
in  four  days,  and  another  in  two  days.  This  laft 
was  obferved  on  the  2  2d  of  July. 

In  general,  this  efFcft  may  be  preiumed  to  have 
taken  place  in  much  lefs  time  than  I  have  mention- 
ed ;  becaufe  I  never  chofe  to  make  a  trial  of  the 
air,  till  I  was  pretty  fure,  from  preceding  obferva- 
tions,  that  the  event  which  I  had  expefted  muft  have 
taken  place,  if  it  would  fucceed  at  all ;  left:,  re- 
turning back  that  part  of  the  air  on  which  I  made 
the  trial,  and  which  would  thereby  neceflarily  re- 
ceive a  fmall  mixture  of  common  air,  the  experi- 
ment might  not  be  judged  to  be  quite  &ir  i  though 
1  myfclf  might  be  fulHciently  fatisfied  with  refped 
to  the  allowance  that  was  to  be  made  for  that  fmaH 
imperfcftion* 
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SECTION      II. 

Of  the  Reft  oration  of  Air  infeSed  with  animal  Refpra-^ 
tumy  or  PutrefaSion^  by  Vegetation. 

THAT  candles  will  burn  only  a  certain  rime, 
in  a  given  quantity  of  air  is  a  faft  not  better 
known,  than  it  is  that  animals  can  live  only  a  cer^ 
tain  rime  in  it ;  but  the  caufe  of  the  death  of  thp 
animal  is  not  better  known  than  that  of  the  exrinc-* 
rion  of  flame  in  the  fame  circumftances  >  and  when 
once  any  quantity  of  air  has  been  rendered  noxious 
by  animals  breathing  in  it  as  long  as  they  could,  I 
do  not  know  that  any  methods  have  been  difcovered 
of  rendering  it  fit  for  breathing  again.  It  is  evi* 
dent,  however,  that  there  muft  be  fome  provifion 
in  nature  for  this  purpofe,  as  well  as  for  that  of  ren- 
dering the  air  fit  for  fuflaining  flame  j  for  with-* 
out  it  the  whole  mais  of  the  atmofphere  would,  in 
time,  become  unfit  for  the  purpofe  of  animal  life  ^ 
and  yet  there  is  no  reafon  to  think  that  it  is,  at  pre- 
ient,  at  all  lefs  fit  for  refpiration  than  it  has  ever 
been.  I  flatter  myfelf,  however,  that  I  have  hit 
upon  one  of  the  methods  employed  by  nature  fcr 

this 
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this  great  purpofc.     How  many  others  there  may  be, 
I  cannot  tell. 

When  animals  die  upon  being  put  into  air  in 
which  other  animals  have  died,  after  breathing  in  it 
as  long  as  they  could,  it  is  plain  that  the  caufe  of 
their  death  is  not  the  want  of  any  faiiJum  vtU^ 
which  has  been  fuppofed  to  be  contained  in  the  air, 
but  on  account  of  the  air  being  impregnated  with 
ibmethtng  fttmubtmg  to  their  longs  $  for  they  almoft 
always  die  in  conruliions,  and  are  ibnsetiiiies  af- 
fei^sd  fo  foddenly,  that  they  are  irrecoverable  after 
a  (ingle  infpiration,  though  they  may  be  wjxhdrawii 
knmediattly,  and  every  method  has  been  taken  t» 
fariog  diem  to  life  agim.  They  aie  tSk&cA  in  the 
£tfDe  manner,  when  they  are  kittod  n  any  other 
kind  of  noKbus  air  that  I  have  tiied,  vis:,  fixed  air, 
inflammable  air,  air  filled  with  die  fdifves  of  fid-* 
phnr,  iofeded  widi  putrid  matter,  in  whkh  a  mui- 
tore  of  iron  filings  and  fdphur  has  ftood,  or  in 
which  chaiooal  has  been  burned,  or  metak  calcined, 
or  in  nitpousair,  &c 

As  it  is  known  tiasxccmvulfiens  weaken,  and  exkaiift 
the  vital  powers,  much  nxvre  than  the  moft  vigors 
ous  vobifUary  aftion  of  the  mafcles,  perhaps  thefe 
uoT^rfid  convuUions  may  cxhauft  the  whole  of  what 
we  may  call  the  vis  vita  at  once;  at  leaft  chat  the 
lungs  may  be  rendered  abiblucely  incapable  of  a£tioo, 
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till  the  animal  be  fuffocated,  or  be  irrecoverable  fbt 
want  of  refpiration. 

If  a  moufe  (which  is  an  animal  that  I  have  com- 
monly made  ufe  of  for  the  purpofe  of  thefe  experi- 
ments) can  ftand  the  firft  fhock  of  this  ftimulus,  or 
has  been  habituated  to  it  by  degrees,  it  will  live  a 
confiderabk  time  in  air  in  which  other  mice  will  die 
inftantaneoufly.  I  have  frequendy  found  that  when 
a  number  of  mice  have  been  confined  in  a  given 
quantity  of  dr,  leis  than  half  the  time  that  they  have 
adtually  lived  in  it>  a  frefh  moufe  being  introduced 
to  them  has  been  inftandy  thrown  into  convulfions, 
and  died.  It  is  evident  therefore,  that  if  the  experi- 
ment of  the  Black  Hole,  at  Calcutta,  were  to  be 
repeated,  a  man  would  ftand  the  better  chance  of 
lurviving  it,  who  fhould  enter  at  the  firft,  than  at 
the  laft  hour. 

I  have  alio  obierved,  that  young  mice  will  al- 
ways live  much  longer  than  old  ones,  or  than  thofe 
which  are  full  grown,  when  they  are  confined  in 
the  lame  quantity  of  air.  I  have  fometimes  known 
a  young  moufe  to  live  fix  hours  in  the  fame  circum- 
ftances  in  which  an  old  moufe  has  not  lived  one. 
On  thefe  accounts,  experiments  with  mice,  and, 
for  the  fame  reafon,  no  doubt,  with  other  animals 
alio,  have  a  confiderable  degree  of  uncertainty  at- 
tending them  i  apd  therefore,  it  is  neceflary  to  re- 
peat them  frequendy,  before  the  rcfult  can  be 
VqlJII.  S  abfolutely 
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abfolucely  depended  upon.  But  every  perfon  of 
feeling  will  rejoice  wldi  me  in  the  difcovery  of  i»- 
irons  air,  which  fuperfedes  many  cxperimentSi  with 
the  reipiradon  of  animals ;  being  a  much  more  ac* 
<urate  teft  of  the  purity  of  air. 

The  difcovery  of  the  provifion  in  nature  for  re- 
ftoring  air,  which  has  been  injured  by  the  relpira- 
tion  of  animals,  having  long  appeared  to  me  to  be 
one  of  the  moft  important  problems  in  natural  phi- 
lofophy,  I  have  tried  a  great  variety  of  fohemes  in 
order  to  affedt  it.  In  thefe,  my  guide  has  generally 
been  to  confider  the  influences  to  which  the  atmof- 
phere  is,  in  faft,  expofed  ;  and,  as  fome  of  my  un- 
fuccefsfuj  trials  may  be  of  ufe  to  thofe  who  arc 
difpofed  to  take  pains  in  the  farther  inveiligation 
of  this  fubj^d,  I  fhall  menuon  the  principal  of 
them. 

The  noxious  effluvium  with  which  air  is  loaded 
by  animal  refpiration,  is  not  abforbed  by  {landing, 
without  agitation,  in  frefh  or  fait  water.  I  liave 
kept  it  many  months  in  frelh  water,  when,  inftead 
of  being  meliorated,  it  has  feenied  to  become  even 
more  deadly,  fo  as  to  require  more  time  to  reftore 
it,  by  the  methods  which  will  be  explained  here- 
after, than  air  which  has  been  lately  made  noxious. 
I  have  even  fpent  fcveral  hours  in  pouring  this  air 
from  one  glafs  veflel  into  another,  in  water,  fomc- 
times  as  cold,    and  fomctimes  as  warm,    as  my 
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hands  could  bear  it^  and  have  fometimes  alfb  wiped  the 
veffels  many  rimes,  during  the  courfe  of  the  expe- 
riment, in  order  to  take  off  that  part  of  the  noxious 
matter,  which  might  adhere  to  ithe  glafs  veflels, 
and  which  evidendy  gave  them  an  offenfive  finell ; 
but  all  thefc  methods  were  generally  without  any 
fenfible  eflfeft.  The  motiorty  alfo,  which  the  air  re- 
ceived in  thefe  circumftances,  it  is  very  evident,  was 
of  no  ufe  for  this  purpofe.  I  had  not  then  thought 
of  the  fimple,  but  moft  effcdhial  method  of  agitat- 
ing air  in  water,  by  putting  it  into  a  tall  jar  and 
Jhaking  it  with  my  hand. 

This  kind  of  air  b  not  reftored  by  being  expofed 
to  the  light y '  or  any  other  influence  to  which  it  is 
expofed,  when  confined  in  a  thin  phial,  in  the  open 
air,  for  fbme  months. 

Among  other  experiments,  I  tried  a  great  variety 
of  different  effimAa^  which  are  conrinually  exhaling 
into  the  sur,  efpecially  of  thofe  fubftances  which  are 
known  to  refifl  putrefadtion ;  but  I  could  not  by 
thefe  means  efied  any  melioradon  of  the  noxious 
ijuality  of  this  kind  of  air. 

Having  read,  in  the  Memoirs  of  the  Imperial 
Society,  of  a  plague  not  afFefting  a  particular  village, 
in  which  there  was  a  large  fulphur-wdrk,  I  imme- 
diately fumigated  a  quantity  of  this  kind  of  air ;  or 
(which  will  hereafter  appear  to  be  the  very  feme 
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thing)  air  tainted  with  putrefa6Kon,  with  the  fomes 
of  burning  fulphur,  but  without  any  efFeft. 

I  once  imagined,  that  the  nitrous  acid  in  the  air 
might  be  the  general  rcftorative  which  I  was  in  queft 
of;  and  the  conjefture  was  favoured,  by  finding 
that  candles  would  biirn  in  air  extrafted  from  falt- 
petre*.  I  therefore  fpent  a  good  deal  of  time  in 
attempting,  by  a  burning  glafs,  and  other  means^ 
to  impregnate  this  noxious  air  with  fome  effluvium 
of  faltpetre,  and,  with  the  lame  view  introduced 
into  it  the  fumes  of  the  fmoaking  fpirit  of  nitre ; 
but  both  tbefe  methods  were  altogether  ineffec- 
tual. 

In  order  to  try  the  eflfcft  of  beaty  I  put  a  quantity 
of  air,  in  which  mice  had  died,  into  a  bladder,  tied  to 
the  end  of  the  ftem  of  a  tobacco  pipe,  at  the  other  end 
of  which  was  another  bladder,  out  of  which  the  air 
was  carefully  preffed.  I  then  put  the  middle  part 
of  the  ftem  into  a  chafing-dilh  of  hot  coals,  ftrong- 
ly  urged  with  a  pair  of  bellows ;  and,  preffing  the 
bladders  alternately,  1  made  the  air  ^afs  leveral 
times  through  the  heated  part  of  the  pipe.  I  have 
alfo  made  this  kind  of  air  very  hot,  ftanding  in  wa- 
ter before  the  fire.  But  neither  of  thefe  methods 
were  of  any  ufe. 

*  This  was  the  firft  inllance  of  my  finding  dcphlogifUcated  air* 
but  without  knowing  it  to  ()e  at  all  different  from  common  air. 
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RarefroEim  and  comUnfdtion  by  inftruments  were 
alio  tried>  but  in  vain. 

Thinking  it  poflible  that  the  earth  might  inibibe 
the  noxioiis  quality  of  the  air,  and  thence  fupply  the 
roots  of  plants .  with  fuch  putrclccnt  matter  as  is 
known  to  be  nutritive  to  them,  I  kept  a  quantity  of 
aiFin  which  mice  had  died,  in  a  phial,  one  half  of 
which  was  filled  with  fine  garden-mould  j  but, 
though  it  ftood  two  months  in  thefe  drcumftances, 
it  was  not  the  better  for  it. 

I  once  imagined  that;  fmce  feveral  kinds  of  air 
cannot  be  long  feparated  from  common  air,  by  be- 
ing confined  in  bladders,  in  bottles  well  corked,  or 
even  clofed  with  ground  ftoppers,  the  affinity  be- 
tween this  noxious  air  and  the  common  air  might 
be  ip  great,  that  they  would  mix  through  a  body  of 
water  intcrpofed  between  them  ;  the  water  conti- 
nually receiving  from  the  one,  and  giving  to  the 
other,  e^cially  as  water  receives  fome  kind  of  im- 
pregnation from,  I  believe,  every  kind  of  air  to 
which  it  is  contiguous;  but  I  have  fecn  no  reafon 
to  conclude,  that  a  mixture  of  any  kind  of  air  with 
the  common  air  can  be  produced  in  this  manner. 

I  have  kept  air  in  which  mice  have  died,  air  in 
which  candles  have  burned  out,  and  inflammable 
air,  feparated  from  the  common  air,  by  the  flighteft 
partition  of  water  that  I  could  well  make,  fb  that  it 
^night  not  evaporate  in  a  day  or  two,  if  I  flioul4 
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happen  not  to  attend  to  them ;  but  I  found  no  change 
in  them  after  a  month  or  fix  weeks.  The  inflam* 
mable  air  was  ftill  inflammable^  mice  died  inftantly 
in  the  air  in  which  other  mice  had  died  before,  and 
candles  would  not  burn  where  they  had  burned 
out  before. 

Since  air  tainted  with  animal  or  vegetable  putre- 
faftion  is  the  fame  thing  with  air  rendered  noxious 
by  animal  relpiration,  I  fhaU  now  recite  the  obfer- 
vations  which  I  have  made  upon  this  kind  of  air, 
before  1  treat  of  the  method  of  reftoring  them. , 

That  thefe  two  kinds  of  air  are,  in  fa6t,  the  feme 
thing,  I  conclude  from  their  having  feveral  remark- 
able common  properties,  and  from  their  differing 
in  nothing  that  I  have  been  able  to  obferve.  They 
equally  extinguifh  flame,  they  are  equally  noxious 
to  animals,  they  are  Equally,  and  in  the  fame  way, 
offenfive  to  the  fmeU,  they  equally  precipitate  lime 
in  lime  water,  and  they  are  reftorcd  by  the  fame 
means. 

Since  air  which  has  palled  through  the  lungs  is 
the  fame  thing  with  air  tainted  with  animal  putre* 
faftion,  it  is  probable  that  one  ufe  of  the  lungs  is  to 
carry  off  a  putrid  cfliuvium,  without  which,  per- 
haps, a  living  body  might  putrefy  as  foon  as  a  dead 
one. 

Infefts  of  various  kinds  live  perfeftly  well  in  air 
tainted  with  animal  or  vegetable  putfcfeftion,  when 
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a  (ingle  Inipiration  of  it  would  have  inftandy  killed 
any  other  animal.  I  have  frequendy  tried  the  ex- 
periment with  flies  and  butterflies.  The  aphides 
al/b  will  thrive  as  well  upon  plants  growing  in  this 
kind  of  air,  as  in  the  open  air.  I  have  even  been 
frequently  obliged  to  take  plants  out  of  the  putrid 
air  in  which  they  were  growing,  on  purpofe  to  brufti 
away  the  (Warms  of  thefe  infefts  which  infefted 
them;  and  yet  fo  efFeftually  did  fomc  of  them 
conceal  themfelves,  and  fo  fall  did  they  muldply, 
in  diefe  circumftances,  that  I  could  feldom  keep 
die  plants  quite  clear  of  them. 

When  air  has  been  frefhly  and  ftrongly  tainted 
with  putrefaftion,  fo  as  to  fmell  through  the  water, 
(prigs  of  mint  have  pre(ently  died,  upon  being 
put  into  it,  their  leaves  turning  black ;  but  if  they 
do  not  die  prelendy,  they  thrive  in  a  moft  furprifing 
manner.  In  no  other  circumftances  have  I  ever 
ieen  vegetadon  fo  vigorous  as  in  this  kind  of  air, 
which  is  immediately  fatal  to  animal  life.  Though  . 
thefe  plants  have  been  crouded  in  jars  filled  with 
this  air,  every  leaf  has  been  full  of  life ;  fi^lh  (hoots 
have  branched  out  in  various  direftions,  and  have 
jgrown  much  fafter  than  other  fimilar  plants,  grow- 
ing in  the  fame  expo(i»re  in  common  air. 

This  obfervarion  led  me  to  conclude,  that  plants^ 
inftead  of  afFeftlng  the  air  in  the  fame  manner  widi 
animal  refpiration,  reverfe  the  efiefts  of  breathing^ 
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and  tend  to  keep  the  atmofphere  fweet  and  whole* 
fonne,  when  it  is  become  noxious,  ia  coniequence 
of  animals  either  living  and  breathing,  or  dying 
and  putrefying  in  it. 

In  order  to  aicertain  this,  I  took  a  quantity  of 
air,  made  thoroughly  noxious,  by  mice  breathing 
and  dying  in  it,  and  divided  it  into  two  parts ;  one 
of  which  I  put  into  a  phial  immerfed  in  water; 
and  to  the  other  (which  was  contained  in  a  glais 
jar,  (landing  in  water)  I  put  a  iprig  of  mint.  Thia 
was  about  the  beginning  of  Auguft,  177 1^  and  af-* 
ter  eight  or  nine  days,  I  found  that  a  moufe  lived 
perfe£Uy  well  in  that  part  of  the  air,  in  whidi  the 
iprig  of  mint  had  grown,  but  died  the  moment  ic 
was  put  into  the  other  part  of  the  fame  original 
quantity  of  air  -,  and  which  I  had  kept  in  the  very 
fame  expofure,  but  without  any  plant  growing 
in  it. 

This  experiment  I  have  feveral  times  repeated ; 
fometimes  uflng  air  in  which  animals  had  breathed 
and  died  -,  and  at  other  times  uiing  air  tainted  with 
vegetable  or  animal  putrefadiion ;  and  generally 
with  the  feme  fuccefs. 

Once,  I  let  a  moufe  live  and  die  in  a'  quantity 
of  air  which  had  been  noxious,  but  which  had  been 
reflored  by  this  procefs,  and  it  lived  nearly  as  long 
as  I  conjectured  it  might  have  done  in  an  equal 
quantity  of  frefh  air  3  but  this  is  fo  exceedingly 
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various^  that  it  is  not  eafy  to  form  any  judgoient 
from  it ;  and  in  this  cafe  the  fymptom  of  difficult 
re/piralim  feemed  to  begin  earlier  than  it  would 
have  done  in  common  air. 

Since  the  plants  that  I  made  ufe  of  manifeftfy 
grow  and  thrive  in  putrid  air  -,  fince  putrid  matter 
ifl  well  known  to  afford  proper  nouriihnfient  for 
the  roots  of  plants ;  and  fince  it  is  likewiie  certain 
that  they  receivfe  nourifhment  by  their  leaves  as 
well  as .  by  their  roots,  it  feems  to  be  exceedingly 
probable,  that  the  putrid  effluvium  is  in  fome  mea- 
lure  extradttsd  from,  the  air,  by  means  of  the  leaves 
of  plants,  and  therefore  that  they  render  the  remain- 
der more  fit  for  refpiration. 

Towards  the  end  of  the  year  fome  experiments 
of  this  kind  did  not  anfwer  fo  well  as .  they  had 
done  before,  and  I  had  inftances  of  the  relapfing 
of  this  reftored  air  to  its  former  noxious  ftatie.  X 
therefore  fulpended  my  judgment  concerning  the 
efficacy  of  plants  to  reftore  this  kind  of  noxious 
air,  till  I  Ihculd  have  an  opportunity  of  repeating 
my  experiments,  and  giving  more  attention  to  them. 
Accordingly  I  refumed  the  experiments  in  die 
fummer  of  the  year  1772,  wj|fn  I  prefendy  had 
the  moft  indifputablq^  proof  of  the  reftoration  of 
putrid  air  by  vegetation ;  and  as  the  faft  is  of  fonic 
importance,  and  the  fubfequent  variation  in  the 
ftate  of  this  kind  of  air  is  a  litde  remarkable,  I 

think 
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think  It  neceffary  to  relate  fomc  of  the  fadb  pretty 
circumftantially. 

The  air,  on  which  I  made  the  firft  experiments, 
was  rendered  exceedingly  noxious  by  mice  dying 
in  it  on  the  aoth  of  June.  Into  a  jar  nearly  filled 
with  one  part  of  this  air,  I  put  a  Iprig  of  mint, 
while  I  kept  another  part  of  it  in  a  phial,,  in  the 
fame  expofurc;  and  on  the  ayth  of  the  fame 
month,  and  not  before,  I  made  'a  trial  of  them^ 
by  introducing  a  moufe  into  a  glafs  veflel,  contain^ 
ing  two  ounce  meafures  and  a  hal(  filled  with  each 
kind  of  air ;  and  I  noted  the  foUomng  h&s. 

When  the  veflel  was  filled  with  the  air  in  whicK 
the  mint  had  grown,  a  very  large  moufe  lived  five 
minutes  in  it,  before  it  began  to  Ihew  any  fign  of 
uneafinels.  I  then  took  it  out,  and  found  it  to  be 
as  ftrong  and  vigorous  as  v^en  it  was  firft  put  in  ; 
ii^hereas  in  that  air  which  had  been  kept  in  the 
phial  only,  without  a  plant  growing  in  it,  a  younger 
moufe  continued  not  longer  than  two  or  three  fe- 
conds,  and  was  taken  out  quite  dead.  It  never 
breathed  after,  and  was  immediately  motionlefsl 
After  half  an  hour,  in  which  rime  the  larger  moufe 
(which  I  had  kept  tlive,  that  the  experiment  might 
be  made  on  both  the  kinds  of  air  with  the  very 
fi^me  animal)  would  have  been  fufficiently  recruited, 
fuppofing  it  to  have  received  any  injury  by  the 
former  experiment,  was  put  into  the  fame  veflel  of 
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air  5  but  though  it  was  withdrawn  again,  after  be- 
ing in  it  hardly  one  fecond,  it  was  recovered  with 
difficulty,  not  being  able  to  ftir  from  the  place  for 
near  a  minute.  After  two  days,  I  put  the  fanne 
moufe  into  an  equal  quandty  of  comnmon  air,  and 
obfcrved  that  it  continued  feven  minutes  without 
any  fign  of  uneafinefi  -,  and  being  very  uneafy  af- 
ter three  minutes  longer,  I  took  it  out  Upon  the 
whole,  I  concluded  that  the  reftored  air  wanted 
about  one  fourth  of  being  as  wholefome  as  com- 
mon air.  The  &m&  thing  alfo  appeared  when  I 
applied  the  teft  of  nitrous  air. 

In  the  feven  days,  in  which  the  mint  was  grow- 
ing in  this  jar  of  noxious  air,  three  old  (hoots  had 
extended  themfelves  about  three  inches,  and  feverai 
new  ones  had  made  their  appearance  in  the  fame 
time.  Dr.  Franklin  and  Sir  John  Pringle  hap- 
pened to  be  with  me,  when  the  plant  had  been 
three  or  four  days  in  this  ftate,  and  took  notice  of 
its  vigorous  vegetation,  and  remarkably  healthy  ap- 
pearance in  that  confinement. 

On  the  30th  of  the  lame  month,  a  moufe  lived 
fourteen  minutes,  breathing  naturally  all  the  time, 
and  without  appearing  to  be  niuch  uneafy,  till  the 
lafl  two  minutes,  in  the  veiTel  containing  two  ounce 

mealures  and  a  half  of  air  which  had  been  rendered 
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noxious  by  mice  breathing  in  it  almoft  a  year  be- 
fore, and  wlxich  I  found  to  be  moft  highly  noxious 

on 
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on  the  1 9Ch  of  this  months  a  plant  having  grown 
in  it,  but  not  exceedingly  well>  thefe  eleven  days : 
on  whith  account  I  had  deferred  noaking  the  trial 
io  long.  The  reftored  air  was  zStdxd  by  a  mix* 
ture  of  nitrous  air,  almoft  as  much  as  common 
air. 

That  plants  are  capable  of  perfedUy  reftoring  air 
injured  by  refpiration,  may,  I  think,  be  inferred 
with  certainty  from  the  perfect  reftoration,  by  this 
means,  of  air  which  had  pafled  through  my  lungs, 
io  that  a  candle  would  bum  in  it  again,  though  it 
bad  extbguifhed  flame  before,  and  a  part  of  the 
iame  original  quantity  of  air  flill  continued  to  do 
lb.  *  Of  this  one  inflance  occurred  in  the  year;  177 1, 
a  fprig  of  mint  having  grown  in  a  jar  of  this  kind 
of  air,  from  the  25th  of  July  to  the  17th  of  Auguft 
following ;  and  another  trial- 1  made,  with  the  fame 
fucccfs,  the  7th  of  July,  1772,  the  plant  having 
grown  in  it  from  the  29th  of  June  preceding.     In 
this  cafe  aifo  I  found  that  the  efFeft  was  not  owing 
to  any  virtue  in  the  leaves  of,  mint  i   for  I  kept 
tfaem  conftandy  changed  in  a  quantity  of  this  kind 
of  air,  for  a  conliderable  ume,  without  making  any 
ienfible  alteration  in  it. 

Thefe  prooi&  of  a  partial*  reftoration  of  air  by 
plants  in  a  ftate  of  vegetadon,  though  in  a  confined 
and  unnatural  fituation,  cannot  but  'render  it  highly 
probable,  that  the  injury  which  is  continually  done 

to 
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to  the  atmofphere  by  the  refpiration  of  fufch  a 
number  of  animals,  and  the  putrefaftion  of  fucK 
mafles  of  both  vegetable  and  animal  matter,  is,  in 
part  at  leaft,  repaired  by  the  vegetable  creation. 
And,  notwithilanding  the  prodigious  mafs  of  air 
that  is.  corrupted  daily  by  the  above-mentioned 
caufes ;  yet,  if  we  confider  the  immenfe  profufion 
of  vegetables  upon  the  face  of  the  earth,  growing 
in  places  fuited  to  their  nature,  and  coniequently  at 
full  liberty  to  exert  all  their  pqwers,  both  inhaling 
and  exhaling,  it  can  hardly  be  thought,  but  that  it 
may  be  a  fufficient  counterbalance  to  it,  and  that 
the  remedy  is  adequate  to  the  evil. 

Dr.  Franklin,  who,  as  I  have  already  obferved, 
law  fome  of  my  plants  in  .a  very  flouriftiing  ftate, 
in  highly  noxious  air,  was  pleafed  to  exprefs  very 
great  latisfa6bion^with  the  refult  of  the  experiments. 
In  his  anfwer  to  the  letter  in  which  I  informed  him 
of  it,  he  fays, 

"  That  the  vegetable  creation  Ihould  reftore  the 
"  air  which  is  ipoiled  by  the  animal  part  of  it, 
*'  looks  like  a  rational  fyftem,  and  feems  to  be  of 
^  a  piece  with  the  reft.  Thus  fire  purifies  water 
all  the  world  over.  It  purifies  it  by  diftillation, 
when  it  raifes  it  in  vapours,  and  lets  it  fall  in 
rain ;  and  farther  ftill  by  filtration,  when,  keep- 
ing it  fluid,  it  fufFers  that  rain  to  percolate  the 
earth.     We  knew  before  that  putrid  animal  fub- 
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*^  ftances  were  converted  into  fweet  vegetables, 
''  when  mixed  with  the  earth,  and  applied  as  ma- 
**  nure;  and  now,  it  feems,  that  the  lame  putrid 
'*  fubftances,  mixed  with  the  air,  have  a  fimilar 
efFeft.  The  ftrong  thriving  date  of  your  mint 
in  putrid  air  feems  to  fhew  that  the  air  is  mended 
by  taking  fomething  from  it,  and  not  by  adding 
to  it."  He  adds,  "  I  hope  this  will  give  fomc 
check  to  the  rage  of  deftroying  trees  that  grow 
"  near  houfcs,  which  has  accompanied  our  late 
improvements  in  gardening,  from  an  opinion  of 
their  being  unwholefome.  I  am  certain,  from 
long  obfcrvation,  that  there  is  nothing  unhealthy 
**  in  the  air  of  woods;  for  we  Americans  have 
"  every  where  our  country  habitations  in  the  midft 
**  of  woods,  and  no  people  on  earth  enjoy  better 
*'  health,  or  are  more  prolific." 

May  not  plants  alfo  reftorc  air  dimmilhed  by  pu- 
trefaftion,  by  abforbing  part  of  the  phlogifton  with 
which  it  is  loaded  ?  The  greater  part  of  a  dry 
plant,  as  well  as  of  a  dry  animal  fubftance,  con* 
flits  of  inflammable  air,  or  fomething  that  is  capable 
of  being  converted  into  inflammable  air;  and  it 
feems  to  be  as  probable  that  this  phlogiftic  matter 
may  have  been  imbibed  by  the  roots  and  leaves  of 
plants,  and  afterwards  incorporated  into  their  fub- 
ftance, as  that  it  is  altogether  produced  by  the 
power  of  vegetation.      May  not  this  phlpgiftic 
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matter  be  even  the  moft  effential  part  of  the  food 
and  fupport  of  both  vegetable  and  animal  bo- 
dies ? 

Having  difcovered  that  vegetation  reftores,  to  a 
confiderable  degree  of  purity,  air  that  had  been 
injured  by  relpiration  or  putrefaftion,  I  conjedlured 
that  the  phlogiftic  matter,  abforbcd  by  the  water, 
might  be  imbibed  by  plants,  as  well  as  form  other 
combinations  with  fubftances  under  the  water.  A 
curious  fadl,  which  has  fince  been  communicated  to 
me,  very  much  favours  this  fuppofition. 

Mr.  Garrick  was  io  obliging  as  to  give  me  the 
firft  intimation  of  it,  and  Mr.  Walker,  the  ingeni- 
ous author  of  a  late  Englifh  Diftionary,  from 
whom  he  received  the  account,  was  plcafed  to  take 
fome  pains  in  making  farther  inquiries  into  it  for 
my  ufc.     He  informed  me  that  Mr.  Bremner,  who 
keeps  a  mufic-fliop  oppofite  to  Somerfet-houfe, 
was  at  Harwich,  waiting  for  the  packet  i  and  ob« 
fcrved  tha;  a  rcfervoir  at  the  principal  inn  was  very 
foul  on  the  fides.     This  made  him  afk  the  inn- 
keeper why  he  did  not  clean  it  out;  who  imme- 
diately anfwercd,  that  he  had  done  fo  once,   but 
would  not  any  more;  for  that  after  cleanfing  the 
refcrvoir,  the  water  which  was  caught  in  it  grew 
fetid,  and  unfit  for  ufe  j  and  that  it  did  not  recover 
its  fweetnefs  till  the  fides  and  bottom  of  the  re- 
fcrvoir grew  veiy  foul  again.    Mr.  Walker  quef-* 
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tioned  Mr.  Bremqer,  whether  there  were  any 
vegetables  growing  at  the  fides  and  bottom  of  it; 
but  of  this  he  could  not  be  pofitive.  However,  as 
he  faid  it  was  covered  with  a  green  Juhftancey  which 
is  known  to  be  vegetable  matter  (and  indeed  nothing 
elfe  could  well  adhere  to  ^t  fides y  as  well  as  to  die 
bottom  of  the  refervoir)  I  think  it  will  be  deemed 
probable,  that  it  was  this  vegetating  matter  that 
preferved  the  water  fweet,  imbibing  the  phlogiftid 
matter  that  was  difcharged  m  its  tendency  to  putre- 
faftion. 

I  fhall  be  happy,  if  the  mention  of  this  fe£t 
fhould  excite  an  attention  to  things  of  this  nature. 
Trifling  as  they  feem  to  be,  they  have,  in  a  philo« 
ibphical  view,  the  greateft  dignity  and  importance ; 
ferving  to  explain  fome  of  the  moll  ftriking  phe- 
nomena in  nature,  refpeding  the  general  plan  and 
conftitution  of  the  fyflem,  and  the  relation  that  one 
part  of  it  bears  to  another. 


SEC- 
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SECTION    III. 

EMperimiHts  of  Plants  growing  in  tdtraied  Ar  in  t^ 

Tear  1777, 

HAVING  heard  that  feveral  pcrfons  abroad 
had  not  been  able  to  repeat  my  experiments 
mth  the  fame  fuccefs,  I  refumed  them ;  and  when 
I  had  made  fome  progrels  in  them>  I  heard  of  the 
experiments  of  Mr.  Scheele  on  beans,  who  reports 
the  reiult  of  them  to  have  been  conftandy  the  re- 
verie of  mine.  On  this  account  I  gave  the  more 
attei^on  to  this  bufinefs  in  die  fpring  and  ilimmer 
of  1778  ;  and  though  I  was  interrupted  in  the  pro- 
iecution  of  them,  I  made  a  confiderable  number  in 
the  beginning  of  the  fummer^  the  refult  of  which 
was  as  follows. 

I.  In  general,  the  experiments  of  this  year  were 
un&vourable  to  my  former  hypothelis.  For  whe- 
ther 1  made  the  experiments  with  air  injured  by 
respiration,  the  burning  of  candles,  or  any  other 
fdilogiftic  procefs,  it  did  not  grow  better  but  worfe  ^ 
and  the  longer  the  plants  condnued  in  the  airy  the 
more  phlog^cated  it  w&s.  I  alfd  tried  a  great  variety 
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of  plants,  but  with  no  better  fuccefs,  as  ^rigs  of 
mint,  fpinach,  lettuce,  onions,  brook-lime,  and  fbme 
others.  The  method  in  which  I  uled  them  was, 
generally,  to  put  the  roots  into  phials  filled  with 
earth  and  water,^d  then  to  introduce  them  through 
water  into  the  jar  containing  the  air  on  which  I 
was  making  the  experiment ;  the  jars  being  about 
ten  inches  in  length,  and  two  and  a  half  in  diame- 
ter, 

2.  I  have  had  feveral  inftances  of  the  sur  being 
undoubtedly  meliorated  by  this  procefs,  efpecially 
by  the  fhoots  of  ftrawberries,  and  ibme  other  plants, 
which  I  could,  by  bending,  introduce  into  the  jars 
or  phiak  of  air,  fupported  near  them  in  the  garden, 
while  the  roots  continued  in  the  earth*  This  I 
thought  to  be  the  faireft  method  of  •trial,  the  plant 
growing,  in  every  refpe£t,  in  its  natural  way,  ex- 
cept that  part  of  the  ftem  was  obliged  to  lie  in 
water,  and  the  Ihoot  was  in  air,  confined  in  a  nar- 
row jar, 

3.  I  had  other  inftances,  no  Ids  unqueflionable, 
of  common  sur  not  only  receiving  no  injury,,  but 
even  confiderable  advantage  from  die  procefs ;  hav-* 
ing  been  rendered  in  fome  meaiiire  dephlo^fticated 
by  it,  fo  as  to  be  much  more  diminilhed  by  nitrous 
air  than  before ;  a  thing  which  I  was  &*  from  ex- 
pedting ;  having  had  nothing  farther  in  view  than 
fimply  to  try  whether  the  air  would  be  injured  or 
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not ;  Mr.  Schede^  who  made  his  experiments  with 
beans^  having  always  found  it  mjured. 

4.  In  moft  of  the  cafes  in  which  the  plants  fail- 
ed to  meliorate  the  air,  they  were  either  manifcftly 
fickly,  or  at  leaft  did  not  grow  and  thrive,  as  they 
did  moft  remarkably  in  my  firft  expeiiments  at 
Leeds;  the  reafon  of  which  I  cannot  difcover. 
Indeed,  I  did  not  at  this  time  make  uie  of  any  air 
tainted  with  putrefa&iOii,  contenting  myfelf  with 
that  which  was  injured  by  my  own  refpiration,  or 
the  burning  of  candles ;  and  it  was  in  air  tainted 
with  the  putrefadtion  of  animal  fubftances  that  my 
plants  bad  llouriihed  the  moft. 

Upon  the  whole,  I  ftill  thought  it  probabky  from 
the  expmments  of  diis  year,  that  the  vegetation 
of  healthy  plants,  growing  in  fituations  natural  to 
them,  has  a  ialutary  efiedt  on  the  air  in  which  they 
grow.  For  one  clear  inftance  of  the  melioration 
of  air  in  thefe  circumftances  fhould  weigh  againft  a 
hundred  cafes  in  which  the  air  is  made  worfe  by  It, 
both  on  account  of  the  many  difadvantages  under 
which  all  plants  labour,  in  the  circumftances  in 
which  thefe  experiments  muft  be  made,  as  well  as 
the  great  attention,  and  many  precautions,  that  arc 
requifite  in  conducting  fuch  a  procefs. 
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SECTION     IV. 

■ 

Of  ibe  Growth  of  Plants  in  depblofffiicated  Air. 

SINCE  air  that  has  been  injured  by  relpiration 
or  putrefa6tion  is  favourable  to  the  growth  of 
plants,  it  was  natural  to  conclude,  that  dephk)gifB« 
cated  air  muft  be  un&vburaUe  to  diem.  But  ic  it 
remarkable  that  plants  will  live  tolerably  well  in 
very  diflfefent  kinds  of  air,  even  in  inflammable  ain 
However,  in  order  to  form  fome  general  idea  of 
the  cSc£t  of  this  pure  kind  of  air  in  diis  refped^ 
I  made  the  following  experiments.  On  the  lodi 
of  September,  1776,  I  took  two  fprigs  of  mint; 
and  having  put  each  of  them  into  a  phial  of  rain 
water,  introduced  one  of  them  mto  a  jar  c^  dephlo- 
gifticated  ^r,  leavir^  the  other  in  a  jar  of  the  fame 
fize,  and  with  all  other. circumilances  fimilar  to  it, 
in  common  air. 

For  fome  time  I  coukl  perceive  no  diffepencc 
between  them,  and  negledfd  to.  take  notice  ofthsm, 
till  die  iQth  of  Oftober  following ;  when  I  found 
the  plant  in  the  dephlogifticated  air  quite  dead  and 
black,  and  the  other  partially  fo,  but  the  upper- 

moft 
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moft  leaves  were  ftill  alive.  The  dephlogifticaied 
air  was  diminifhed  one  feventh  of  its  bulk,  and 
the  other  half  as  much. 

This  being  late  in  the  year,  when  the  power  of 
v^etation  is  languid,  and  being  a  fingle  experi- 
ment, no  general  conclufion  could  be  drawn  from 
it.  .  ♦    ■ 

But  I  was  pretty-  well  fatisfied  with  relpeft 
to  it,  from  experiments  begun  in  April,  1777, 
and  continued  occafionally  in  the  courfe  of  the 
fummef  following. 

In  -order  to  compare  the  vegetation  of  plants  in 
air  differing  as  much  as  poffible  with  refpeft  to 
phlogifton,  I  took  three  fprigs  of  mint ;  and  having 
put  all  their  roots  into  phials  containing  the  fame 
pump  water,  that  had  been  fome  time  expofcd  to 
the  open  air,  I  introduced  one  of  djem  into  a  jar 
of  common  air,  another  into  one  of  dephlogifticated 
air,  and  the  third  into  air  that  had  been  phlogifti- 
cated  with  nitrous  air  feveral  months  before.  It 
was  in  (uch  a  ftate,  that  one  meafure  of  it  and  one 
of  nitrous  air  occupied  the  fpace  of  1.75  meafures. 
This  was  done  in  April  j  and  examining  the  plants 
on  the  12th  of  May  following,  I  found  that  the 
plant  in  this  phlogifticated  air  had  grown  remark- 
ably well,  much  better  than  that  in  the  common 
air;  whereas  the  plant  in  the  dephl(^fticrted  air 
had  a  very  fickly  appearance. 

T  3  I  examined 
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I  examined  thele  plants  on  the  a6th  of  the  fame 
months  when  the  appearances  condnued  nearly  the 
fame,  and  then,  examining  the  ftate  of  the  air,  I 
found  that,  though  (he  plant  in  phlogiilicafied  air 
had  grown  io  well,  the  air  was  not  fenfibly  improved 
by  it.  The  dephlogilticated  air  was  injured^  ^hidi 
I  attributed  td  the  rotting  of  fome  of  the  leaves 
of  die  plant.  The  common  air  I  did  not  attend 
to. 

On  the  7th  of  June  following,  I  took  an  account 
of  three  iprigs  of  mint,  which  had  been  growings 
I  believe,'ibme  weeks  in  dephlogifticated  air,  and 
of  three  others  which  had  been  growing  the  fame 
time,  and  in  all  the  fame  circumftances  in  other 
rcfpefts,  in  common  air  j  and  obferved  that,  in  all 
the  three  calcs,  the  appearances  were  decifively  in 
favour  of  the  plapts  in  the.  common  air,  the  ihoots 
being  twice  as  large,  and  every  other  appearance 
of  health  in  the  fame  proportion, 

I  do  not  fay  that  even  thefe  obfervations  are 
quite  fufficicnt  to  determine  the  queftion;  but  they 
feem  to  make  it  frohable^  that  dephlogifticated  air 
does  not  fupply  that,  pabulam  which  plants  derive 
even  from  common  air ;  though  I  own  it  may  in- 
jure them  on  fome  other  account.  Even  Mr. 
Scheele,  who  maintains  that  vegetation  has  the  fame 
effedt  on  air  that  relpiration  has,  I  find,  allows  that 
plants  do  not  grow  fo.  well  in^  dephlogifticated  as 
in  common  air. 

SEC- 
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SECTION     V. 

Of  the  State  of  Air  cmfmd  in  the  Bladders  of  Sea 

Weed.  ^ 

I  WAS  much  confirmed  in  the  h3rpothefis  of 
vegetadon  reftoring  atmc^pherical  sur  to  a  ftate 
of  greater  purity,  by  finding  the  air  within  the 
bladders  of  the  common^^  weed  to  be  confidenbly 
better  dian  the  common  external  air.  This  was  a 
cafual  and  unexpefted  obfervation  that  I  made  in 
the  courie  of  a  fummer  which  I  fpent  at  Lymington,^ 
and  I  wifh  that'  Ibme  philolbphical  perfons  who  live 
near  the  fea  would  examine  thjs  circumftance  a 
fitde  farther,  both  for  the  fake  of  inveftigadng  the 
oripn  of  this  air,  and  the  particular  oeconomy  of 
the  plant  that  contains  it.  It  might  even  lead  to 
fome  ferther  knowledge  of  the  ftrudure  of  plants 
in  general. 

Before  I  recite  thefc  obfervations,  I  would  re- 
mind my  reader,  that  I  formerly  gave  fome  atten- 
tion to  the  air  contained  in  the  hollow  parts  of 
certain  plants,  particularly  die  bladder  Jena^  and  the 
ftalks  of  pnions }  butj  in,  thpie  two  cafes^  I  foiind 
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the  air,  as  far  as  I  coxild  then  judge,  not  to  differ 
from  that  of  the  liirrounding  atmofphere.  This 
being  an  obfervation  of  no  confequence,  I  defifted 
from  profecuting  it,  imagining  there  muft  be  fome 
eafy  communication  between  thofe  cavities  in  plants 
and  the  tcxternal  air,  fo  that  much  difference  could 
not  be  expeded.  I  found,  however,  in  die  courfe 
of  this  fummer,  that,  in. two  other  cafes,  air  fo 
confined  was  much  inferior  in  purity  to  that  of 
tommon  airi 

Air  prei]H  out  of  the  flalks  of  the  common  fl^ 
(as  I  diink  it  is  called)  growing  in  water,  was  in 
Arch  a  ftate,  that  one  meafure  of  .it.  and  one  of  ni» 
trous  air  occupi^  die  fpaQe.<^  1.5  meafures.  And 
air  in .  the  infi^  of  a  plant  reiembling  hemlock  was 
even  woHe  than  this.  For  wl^en  I  examined  it  I 
found  the  meafures  of  the  oeft  to  be  1.75. 

Upon  this  I  was  rather  inclined  to  ilippofe,  that 
if  the  air  whhin  the  cavities  of  plants  was  examined 
with  rigpur,  it  would  always  be  found  rather  worfe 
than  the  air  in  the  furroundipg  atniofphere^  e^ci* 
ally  if  the  plant  was  in  the  fmalleft  degree  un- 
healthy; as  the  phlc^Hon  difcharged  in  any  ten- 
dency tx>  difeafe  would  eafily  affed  the  air  of  fuch 
cavities ;  and  there  being  np  vifible  circulation^  it 
would  probably  retain  fuch  a  taint  a  conliderable 
time.  Though  I  might  have  fuppofed,  that  if  the 
plant  was  vety  healthy,  and  did  imbibe  phlogifton 

from 
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from  the  neighbouring  air,  the  air  in  thofe  cavities 
(in  what  manner  foever  it  came  there)  would  be 
depjuratedhy^^t  means,  and  thereby  approach  to 
the  ftate  of  dcphlogifticated  ain  This  may  per- 
haps be  the  cafe  with  the  air  iii  .the  bladders  of  fea 
weed,  though'  I  could  wifti  to  know  a  litder  more 
concerning  the  origin  of  this'' air.  For  as  fome  of 
the  plants  grow  intircly  under  water,  there  is  no 
appearance  of  this  air  having  ever  been  atmofpheri- 
cal  air,  but  rather  of  its  being  generatfti  within  thtf 
plant  itfelf 

I  obferved  three  kinds  of  this  fea  weed,  one 
which  I  take  to  be  the  quercus  marinus,  the  blad- 
ders, when  full  grown,  being  about  half  an  inch 
in  diameter,  and  rather  of  an  oval  form ;  another 
in  which  the  bladders  were  ipherical,  about  a  quar- 
ter of  an  inch  in  diameter;  and  a  third  in  which 
the  bladders  were  much,. larger  than  thefe,  being 
formed  by  the  feparation  of  two  lamina  of  which 
the  plant  cxMiiifts,  fo  as  to  refemble  a  fillet,  the  blad^ 
der  being  exaftly  of  the  breadd>  of  the  flag,  and 
rather  longer  than  it  is  broad. 

The  firft  of  thefe  was  moft  commpn  on  the  fea 
Ihore  at  I.ymington.  The  firft  that  I  took.up  had  lain 
a  confiderable  time  on  the  ihore,  fo  that  the  Wad- 
ders  were  become  very  hard  and  bricde,  and  the 
air  within  them  was  exadlly  in  the  fame  ftate  with 
the  air  of  the  atmoiphere.    But  afterwards,  on  the 

a5th 
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a5th  of  July,  I  happened  to  meet  with  a  quantity 
of  this  weed  that  had  juft  been  thrown  up  by  die 
iea>  quite  moift^  and  the  bladders  foft,  Buiiling 
them  under  water,  and  examining  the  air,  I  found 
that  one  meafure  of  it  and  one  of  nitrous  air  occu* 
pied  the  fpace  of  not  more  than  one  meafure; 
whereas,  when  I  applied  the  fame  tell  to  ^e  com« 
mon  air,  the  meafiires  were  1.3. 


*-^ 


SECTION      VL 

Of  the  Jpontaneous  Emiffbm  of  depbhgijiicaud  jSr  from 
WiUar  containing  a  vegetating  green  Matter. 

FEW  perfons,  I  believe,  have  met  with  fo  much 
unexpeded  good  fuccefs  as  myfelf  in  the  courfe 
of  my  philoibphical  purfuits.  My  narradve  will 
fliow  that  the  firft  hints,  at  leaft,  of  almoft  every 
thing  that  I  have  difcovered  of  much  importance, 
have  occurred  to  me  in  this  manner.  In  looking 
fi>r  one  thing  I  have  generally  found  another,  and 
fometimes  a  thing  of  much  more  valiie  than  that 
which  I  was  in  quell  oC    But  none  of  thefe  un- 

expcScd 
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cxpcftcd  difcoveries  appear  to  me  to  have  been  fo 
extraordinary  as  that  which  I  am  about  to  relate ; 
and  it  may  fervc  to  adiponifh  all  perfons  who  are 
engaged  in  fimilar  puribits^  not  to  overlook  any 
circumflance  relating  to  an  experiment;  but  to 
keep  their  eyes  open  to  every  new  appearance,  and 
to  give  due  attention  to  it,  how  inconfidcrable- Ibever 
4  may  ieem* 

In  the  courie  of  my  experiments  on  the  growth 
X)f  plants  in  water  impregnated  with-  fixed  air,  I 
oblerved  that  bubbles  of  air  Teemed  to  ifTue  fpon« 
taneoufly  from  the  ftalks  and  roots  of  feveral  of 
thofe  which  grew  in  "the  unimpregnated  water; 
and  I  imagined  that  this  sur  had  percolated  through 
the  plant.  It  immediately  occurred  to  me,  that 
if  this  was  the  cafe,  the  ftate  of  that  air  might  pof. 
fibly  help  to  determine  what  I  was  at  that  time  in- 
velligating,  viz.  whether  the  growth  of  plants  con- 
tributes to  purify,  or  to  contaminate  the  air.  For 
if  dus  air  ihould  prove  to  be  better  than  common 
air,  I  thought  it  would  fhow,  that  the  phlogifton 
of  the  imbibed  air  had  been  retained  in  che  plants 
and  had  contributed  to  the  nourifhment  of  it,  while 
that  part  of  the  air  which  palled  through  the  plants 
having  depofited  its  phlogiiton,  had  been  rendered 
purer  by  that  n>eans  $  though  if  the  air  ihould  not 
have  been  found  better  than  common  air,  I  ihould 
not  have  concluded  my  hypotheiis  was  falfe  i  iince 

plants^ 
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plgnts^  lila  animals^  might  take  in  phlogifton  in 
one  Hate,  and  emit  it  in  another. 

With  this  view,  however,  I  plunged  many  phials, 
containing  (prigs  of  mint  in  water,  laying  them  in 
iuch  a  manner,  as  that  any  air  which  might  be  dif^ 
charged  from  the  roots  would  be  retained  in  the 
phials,  the  bottoms  being  a  litde  elevated.  In  this 
pofition  the  Iprigs  of  mint  grew  very  well,  and  in 
fbme  of  the  phials  I  bbferved  a  quantity  of  air  to 
be  collected,  though  very  flowly ;  but  I  was  much 
diiappointed  in  finding  that  fome  of  the  moft  vi** 
gorous  plants  produced  no  air  at  all.  At  length, 
however,  from  about  ten  plants,  I  collcdlcd,  in  the 
courfe  of  a  week,  about  half  an  ovince  meafure  of 
air.  This  was  the  i-9th  of  June,  1778 ;  and,  ex- 
amining it  with  the  greatefl  care,  I  found  it  9:^ 
pure,  that  one  meafure  of  it  and  oi^e  of  nitrous  air 
occujried  the  Ipace  of  only  one  meafure. 

This  remarkable  fa6t  contributed  not  a  little  to 
Cpnfirm  my  faith  in  the  hypothcfis  of  the  purifica- 
tion of  the  atmofphere  by  vegetation  ;  but  I  did  not 
enjoy  this  fatisfadion  long.  For  I  confidered  that, 
if  this  was  the  proper  effcA  of  vegetation,  it  muft 
be  univerfal,  and  could  not  be  confined  to  a  few 
jdants,  efpecially  when  others  of  the  fame  fpecies 
produced  no  fuch  effect.  Befides,  when  1  removed 
the  air-producing  plants,  as  I  thou^t  them  to  be, 
into  other  and  cleaner  phiab,  I  found  that  they 

yielded 
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yielded  00  more  air  than  die  other  plants  had  done. 
And,  what  I  diought  more  extraordinary  ftill,  the 
phials  in  which  thefe  plants  had  grown,  the  infides 
of  which  were  covered  with  a  green  kind  of  matter, 
continued  to  yield  air  as  well  when  the  plants  were 
out  of  them,  as  they  had  done  before.  This  con- 
vinced me  that  the  plants  had  not,  as  I  had  ima- 
gined, contributed  any  thing  to  the  produftion  of 
this  pure  air. 

About  the  fame  time  I  obferved  that  great  plenty 
of  air  rofe  fpontaneoufly  from  the  bottom  and  fides 
of  a  tall  conical  receiver,  about  eighteen  inches 
high>  and  five  wide  at  the  bottom,  originally  made 
for  the  experiment  of  the  fountain  in  vacuo,  but 
which  I  had  ofi^en  uied  as  a  magazine  for  various 
kinds  of  air,  and  which  was  at  that  time  employed 
for  the  lame  purpc^  ;  and  both  the  plate  on  which 
it  ftood  inverted,  and  the  lower  part  of  the  receiver,, 
were  covered  with  this  green  matter. 

To  make  my  obfervations  on  this  new  fubje6b  of 
e3q)eriment  with  more  attenuon,  I  transferred  the 
air  it  had  contained  into  another  veflel,  filled  the  re- 
ceiver with  frefli  pump  water,  and  placed  it  where  ^ 
it  had  ftood  before,  which  was  in  a  window  on 
which  the  fun  fhone ;  when  air  bubbles  prefently 
began  to  rife  very  faft,  fo  th^t,  in  three  days,  I  had 
collcfted  fcven  ounce  meafures,  and  this  was  io  pure, 

diat 
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that  one  meafure  of  it,  and  two  of  nitrous  air  occu* 
pied  the  {pace  of  four  fifths  of  a  naeafure. 

Having  found  many  of  my  phials  which  had  the 
lame  green  matter  in  them,  I  filled  them  alio  with 
frefh  pump  water  ;  and,  inverting  them,  I  coUefted 
from  them  all  confiderable  quantities  of  the  &me 
dephlogifticated  ^,  efpecially  when  they  were 
placed  in  the  fun  ;  and  it  was  very  amufing  to  watch 
them^  and  to  oblerve  the  bubbles  fweU,  and  detach 
themfelves  gradually  from  the  green  matter. 

When  I  had  advanced  thus  far  in  thi^  interefting 
inquiry,  I  was  obliged  to  defift  from  the  farther 
profecution  of  it,  on  account  of  a  journey,  on  which 
I  was  abfent  fome  months  s  and  all  that  I  could  do 
was  to  leave  a  number  of  phials  filled  with  differ- 
ent kinds  of  water,  as  river  water,  pump  water,  and 
rain  water,  with  feveral  other  litde  varieties,  in  or- 
der to  diicover  the  circumllances  that  were  mdl  fa- 
vourable to  the  produdion  of  this  green  matter, 
whatever  it  was. 

At  my  return,  on  the  8  th  of  September,  1  found 
no  green  matter  in  any  of  the  phials,  excepting 
thole  which  contained  pump  water.  Neither  the 
rain  water,  or  river  water,  had  produced  any. 
This  pump  water  contains  a  confiderable  quantity 
of  fixed  air,  and  I  muft  alio  obferve  that  the  iniides 
of  the  middle  and  lower  glafTes  in  one  of  Mr.  Far- 

I  ker's 
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ker's  apparatus's  for  impregnating  water  with 
fixed  sdr  were  almoft  coated  with  this  green  mat** 
ten  > 

After  this  I  placed  in  my  garden  a  large  glafs  jar 
nearly  filled  with  pump  water^  which  I  had  ftrong- 
ly  impregnated  with  fixed  sur,  and  aHb  jars  of  river 
water>  rain  water,  and  pump  water  unimpregnated ; 
and  on  the  14th  ofOftober,  I  found  almoft  all  the 
bottom«ofthe  jar  which  contamed  the  impregnated 
water  covered  with  the  green  matter,  but  there 
was  none  at  all  in  any  of  the  other  jars.  This  made 
it  probable,  that  the  fixed  air  in  the  water  contri« 
butes  to  the  production  of  this  matter. 

That  the  external  air,  or  animalcules  in  it,  have 
nothing  to  do  in  the  formation  of  this  green  matter, 
is  evident  from  feveral  of  the  preceding  obferva- 
tions.  This  could  not  be  the  cafe,  for  inflance, 
with  the  large  inverted  receiver,  which  had  always 
yielded  the  greatefl  quantity  of  this  air,  or  with  the 
water  in  the  middle  veffel  of  Mr.  Parkcir's  appara- 
tus. Befides,  at  other  times  I  have  kept  phials 
clofely  corked,  and  yet  have  found  the  green  mat- 
ter at  the  bottom  of  them>  and  it  has  yielded  air. 
plentifully,  efpecially  in  the  fun,  or  when  placed 
near  the  fire.  For  when  the  matter  is  once  formed, 
nothing  but  a  certain  degree  of  warmth  feems  to 
be  neceflary  to  its  adual  production  of  air. 

The 
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The  j)roduaion  of  this  green  matter  in  clofe  vef-. 
fels  feemed  to  prove  that  it  can  neither  be  of  an  animal 
or  a  vegetable  nature,  but  a  thing  fui  generis^  and 
which  ought,  therefore,  to  be  charaflerized  by 
fome  peculiar  ,narhe ;  and  all  the  obfervations  that 
I  made  upon  it  with  the  microfcope  agreed  with  thk 
fuppofition.  For,  excepting  a  few  filaments,  Aat 
were  hollow,  and  two  or  three  globular  pieces,  pier- 
forated  widi  feme  regularity,  all  the  reft  of  the  fob- 
ftance  feemed  to  be  »  congeries  of  matter  of  a  com- 
paiEt  earthy  nature,  the  pieces  feparately  taken  re- 
femblipg  bits  of  jelly, 

I  had  fome  appearances  very  early^  which,  C3t* 
^traordinary  as  I  thought  it,  made  it  probable  that 
light  was  neceffary  to  the  formation  of  this  fub- 
ftance.  On  the  23d  of  Oftober,  I  obferved  diaC 
two  fm^U  phials,  which  had  been  filled  with  pump 
water,  and  cldfely  corked  on  the  9th  of  Auguft  pre^ 
ceding,  had .  both  of  them  a  quantity  of  this  green 
matter,  while  an  open  jar  of  the  fame  water,  but  in 
a  much  worfe  light  had  none  of  it.  There  was,  in- 
deed, a  greater  depth  of  water  in  the  jar  than  in  the 
phials;  and  thoi^h  I  had  generally  obferved  thac 
Ais  green  matter.. is  firft  formed  at  the  bottom  rf 
the  veffels,  it  may  poffibly  require  more  time  to 
the  formation  of  it  in  proportion  to  the  depth  of 
water.     Two  other  jars,  however,  about  an  inch 

5  deeper 
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deeper  than  that  above-mentioned,  and  quice  filled 
wkh  diefame  wacer>  placed  in  the  window  on  which 
the  fun  ihone  had  acc^ired  this  green,  matter,  even 
10  Ids  dnoe  than  the  two  finall  phials  above-men^ 
tioiied. 

From  grifn^  this  fubftance  pai!es  gradually  to  a 
kind  oiyelhwj  or  rather  crmge  colcmr.  For  on  the 
I4t^  of  Oftober,"]  obferved  that  die  large  receiver 
in  which  I  had  at  firft  coUeded  a  confiderifcle  quan* 
6x^  of  diis  pute  air,  and  which  I  had  always  kept 
full  of  water,  condnued  to  yield  air  as  copioufly  as 
eveTj  though  both  on  the  receiver  itfel^  and  on  tho 
plate  on  which  it  ftood,  the  colqur  of  this  fubftance 
was  quite  changed  to  the  orange  colour  above-men- 
ttoned* 

Qnihc  17th  of  September  I  had  taken  all  did 
air  from  this  receiver,  and  on  the  i4ih  of  Odober 
folkmng,  OQ  which  I  obferved  its  change  of  colour^ 
I.  took  from  it  about  nine  oynce  meafures  of  air^ 
the  very  purefi:  that  I  had  ever  got  in  this  method* 
For  one  mcafure  of  it  and  two  of  nitrous  air, 
occupied  the  fpade  of  oj^  whidi  is  quite  as  pure 
as  dephl(^fticated  air  at  a  medium. 

Ofafenring  one  crf'my  phiak  of  water  diat  had  got 
a  coating  of  the  gpeen  ibatter  yielding  air  very  co« 
pioiifly*;  \  poured  the  water  out  of  it  iota  adean 
phiai,'aoci  found  ihaf>  bgr  the  ag^tadon  given. to  it 
in  the  a£t  of  dacanfimg,  it  ^aikled  as  much  as  any 
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Prymont  or  Seltzer  water.  Inverting'  ieifi  a  bafen 
of  water^  I  croUefbed  the  ^r,  and  foundit  to  be 
very  purcv  I  treated  fclveral  other  phials  iia.the 
^e  manner,  and  the  fubfequent  appearances  bein^ 
the  fame,  I  had  no  doubt  but  that  when  water  •  isr 
brought  into  a  ftate  proper  for  depofiting  that  green 
matter,  it  is,  by.  the  fame  procefs,  prepared  for'die 
ipontancoos  emiflion  of  a  confiderable  quantity  of 
pure  air.       ' 

I  never  found  it  except  in  cir cumftances  in  which 
the  water  had  been  explofed  to  ligbf ;  and  when,  af- 
ter, fhmding  in  the  dark,  the  water  has  deiM)£tQd  a: 
whitifh  filmy  n^atter,  it  has  {become  green  after... a 
few  days  expoftire  to  the  J&m.  i  Itwas  moft  frcdy  de-' 
pofited  from  my  pump  water,  and  efpecially-wheh 
it  l^ad  been'  itrqmegiated  with  fixed  air,  bot  J.  fiave 
found  it  both  in  river  water^  and  rain  water,,  after 
longer  ftandir^.  I  have  generally  fomid  it  at*  the 
bottom  of  the  veflel^  btit  fometimes  it  has-  been 
firft  formed' at  the  top,  and  the  coating  from  the 
bottom  and  that  from  the  top  meeting,  the  whole 
phial  has.  ac^piired  a  coacu^x>f  it  from  being  once 
filled  with  pump,  water.  .... 

When:I  have  kept  water,  arbhg  time  in  theihade, 
it  has  not  generally  yiekled.  any  other  kind  of  air 
than  it  wodd  have  yielded.at  thefirfti  and^  diough^ 
when,  it  lias  beeii  kept  inean  open  vefft^  the  ak 
has  been  .better,  it  has  never  been  fo  good  as  the 
-     -  ^  ' .      • .    air 
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air  ifa:  dui  fapie  kind  of  water  that  hsii'  been  expofed 
a  mtich  Ids  time  to  the  fun. 

No  degree  of  iot>(nrmtb  will  fupply  the  place  of 
die  full's  li^t ;  and  though,  when  die  water  is  once 
prq>ared  by  expoiure  to  the  fun,  warmth  will  fuf- 
fice  to  expd  that  air ;  yet,  in  this  caie,  the  air  has 
nevet  been  (b  pure,  as  that  which  has  been  yielded 
fpontgneoufly,  without  additional  heat.  The  reafon 
of  this  may  :be  that,  bolides  the  air  already  depurate 
€d,  ahd.  oiv  that  account  ready  to  quit  its  union 
with  die  water,  heat  expels,  together  with  it,  the 
air  that  was  phlogiftic^ted,  and  held  in  a  doier  uni« 
on  with  the  water. 

The  large  receiver  of  which  I  have  made  men- 
tion, as  having  ferved  me  for  a  magazine  of  air, 
and  which  I  find  contains  135  ounces  pf  water,  I 
have  already  obfcrved  yielded,  when  filled  with 
pump  water,  nine  ounce  meafures  of  very  pure  de- 
phlogiflicated  air,  after  being  expofed  to  the  fiin 
from  the  17th  of  September  to  the  14th  of  Odtober. 
I  then  filled  it  with  frefh  pump  water,  and  placed 
it  in  my  laboratory  till  the  8th  of  December  (with 
its  mouth  inverted,  as  before,  in  a  difh  of  the  fame 
water)  and  in  all  this  dme  not  a  fingle  bubble  of 
air  came  from  it.  But  on  bebg  placed  in  a  fbuth 
window  it  immediately  began  to  yield  air,  and  con- 
tinued fb  to  do  whenever  the  fun  flione,  till  the  2ifl 
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•f  January  following,  when  there  might  be  about 
four  ounce  meafures  of  air  in  it  I  then  placed  die 
receiver^  and  the  difli  in  which  it  ftood,  in  9  larg^  pan 
of  water,  which  I  made  to  boi)^  and  kept  boiling 
the  whole  day,  till  no  more  air  could  be  difduirged 
from  it ;  and  the  next  morning,  when  it  was  ccAd^ 
I  exaniined  the  air,  and  found  it  to  be  ki  att  fix 
ounce  meafures.  No  part  of  it  was  fixed  air,  and 
e)ne  meafure  of  It  and  two  of  nitrous  av  occupied 
the  fpace  of  .9  it)eafur^S}  whereas,  with  the  air 
produced  fpontanepufly,  in  tlie  light  of  die  fiin,  die 
fanp^  nneafures  were  .44,  and  (he  quantity  niac 
ounce  meafures,  • 
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SECTION     VII. 

Of  the  Purification  of  Air  hj  Plants  and  ibi  Influehct 

of  tight  tn  that  Procefs. 

ONE  of  my  eaflteft  tibi^rVations  ofa  the  Ibbjeft 
of  air,  but  made  c&fually,  when,  in  fiift,  J 
cjc|)efted  a  contrary  refult  froni  thfc  proeefi,  wa§  the 
purification  of  air  injured  by  refpiration  ot  poStt^ 
&ftion,  by  the  vegetation  of  plants.  But  at  that 
time  I  was  altogethei-  ighoraht  of  the  part  thai  light 
had  to  a£b  in  the  bufmefs.  At  the  public2tt)oh  of 
the  experimehtd  recited  in  the  laft  fe£kion,  I  had 
fully  afcertained  th^  influence  of  light  in  the  produce 
don  of  dephlogifecated  ak  in  water  by  meam  of  a 
green  fuhfiance^  ^hich  I  at  fkil  fuppofed  to  be  a  plants 
but  not  being  AUe  to  difcover  the  fofm  of  ofie^  I 
contented  myfeif  with  calling  it  fihiply  p'een  mat* 
ter. 

Several  of  my  friendsi  however,  better  (killed  in 
botany  th^  myfeif,  never  entertained  any  doubt  of 
its  being  a  plant  i  and  I  had  afterwards  die  fulleft 
convidtion  that  it  muft  be  one«  Mr.  Bewly  hai 
lately  obleryed  the  Regular  form  of  it  by  a  microf- 
cope.    My  own  eyes  having  always  been  weak^  I 

U  3  have, 
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have,  as  much  as  poflible,  avoided  the  ufe  of  a  mi- 
crpfcope. 

The  principal  reafon  that  made  me  qucftion  whe- 
ther tbb  gre^p  mattpr  f^s  a  p^nt,  befidcs  my  not 
bebg  able  to  difcover  the  form  of  it,  was  its  being 
produced,  as  I  then  thought,  in  a  phial  dofe  ftopped^ 
But  this 'being  only  with  a  common  cork,  the  feeds 
of  this  plant,  which  muft  float  invifibly  in  the  air, 
mi^t  have  in&iuated  themfelyes  through  fome  un- 
perceivecj  fra6ture  in  itj  or  the  feeds  might  have 
been  contained  in  die  water  previous  to  its  being 
put  into  the  phial.  Both  Mr.  Bewly  jmd  myfelf 
foupd,  in  the  cpurfe  of  the  laft  fummer,  that  when 
diftilled  water  was  expofed  to  the  fun,  in  phials 
filled  in  part  with  quickfilver,  aivl  in  part  with  dif- 
tilled  water,. and  inverted  in  baibns  of  quickfilver, 
none  of  this  greei|  matter  was  ever  produced  $  no 
feed  of  this  plant  having,  been  able  to  penetiate 
through  the  mercury,  50  r§ach  the  water  incumbent 
ppon  it,  though,  in  feveral  qafes,  it  yfiXL  be  fcen, 
that  thefe  feeds  diflpfe  and  i|ifinuate  themfelves,  in 
a  manner  that  is  truly  wonderful. 

Without  light,  )t  is  well  known,  that  no  plant  can 
thrive ;  and  if  it  do  grow  at  all  in  the  dark,  it  i$ 
always  white,  and  is,  ii)  all  other  refpefts,  in  a  weak 
and  fickly  ftatc.  Healthy  plants  are  probably  in  a 
date  fimilar  to  that  oiJUep  in  the  abfence  of  ligh^ 
anji  do  not  refumc  their  proppr  /miftiomji  byt  hy 

the 
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the  ikifluenceof  light,  and  efpecially  the  aftion  of  the 
rays  of  the  fun.  This  was  the  reafon  why  no  green 
matcef  was  ever  produced  by  mea,ns  of  mere  warmth  in 
my  former  experiments,  and  that  in  jars  Handing  in 
the  fame  expofure,  but  covered,  fo  that  the  light  had 
no  accefs  to  them,  no  pure  air  was  coUefted,  none 
of  the  green  nutter  being  then  found  in  them. 

This  I  verified  ihoft  completely  by  covering  the 
greaisft  part  of  a  glais  jar  with  black  fealing-wa^^ 
which  nnade  it  thoroughly  opaque ;  and  befides  an* 
fwering  that  purpofe  better  than  brown  paper,  as  I 
made  the  experiment  before,  did  not  imbibe  any 
of  the  water,  and  therefore  did  not  promote  the 
evaporation  of  it.  To  be  able  to  obferve  whether 
any  sur  was  coUefted  in  thefejars,  or  not,  the  upper 
part  of  them  was  not  coated  with  fealing  wax, 
but  had  a  thick  moveable  cap  of  paper,  which  I 
could  eaffly  take  off,  and  then  infpe£t  the  furface 
of  die  water. 

In  order  to  (adsfy  mylelf  as  fully  as  poflible  with 
reipeft  to  this  reniarkable  circumftance^ .  J  alfo^ 
made  the  following  experiments,  the  reiult  of  which 
are,  indeed,  very  decifive  in  favour  of  the  influence 
of  ligbi  in.  this  cafe. 

Having  a  laqge  trough  of  water,  full  pf  recent 
green  matter,  giving  air  very  copioufly,  fo  that  att 
the  furface  of  it  was  covered  with  froth,  and  jars 
filled  with  it,  and  inverted,  coUe^ed  great  quanr 

U  4  .  tides 
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tides  of  Jty  and  veiy  £dl ;  I  filled  ^  jar  ivitii  it, 
and,  inverdng  it  in  a  bafon  (^die  fanoe,  I  placed  it 
in  a  dark  room.  From  dut  ioftant  no  more  air 
was  yielded  by  it,  and  in  a  few  days  it  bad  a  very 
oflfenfive  fmell,  the  green  vegetate  matter  with 
which  it  abounded  being  then  all  dead,  and  putrid. 

.Agwi)  having  filled  a  receivei'  with  ireih  pump 
water,  and  having  waited  till  it  was  in  a  ftate  of 
givingaiTiCOiuoufly,  I  removed  it  into  a  dark  room  i 
and  fiom  that  time  the  produiStion  of  air  from  it 
kitirely  ceafed.  When  I  placed  it  again  in  the  fun> 
it  gave  no  air  till  about  ten  days  afber,  when  it  had 
more  green  matter^  the  former  plants  being  proba^ 
bly  all  dead  ;  and  no  air  coiild  be  produced  tUl  new 
ones  were  formed. 

With  the  fame  view  I  placed  fiime  fin»U  flices  of 
toafiid  betf'nn  a  veflel  of  watacr  in  the  fun^  and  an 
equal  quantity^  in  another  vefiel  of  the  &me  fise^ 
in  the  dark  i  when  the  former  became .  green^  and 
yielded  air»  but  the  latter  not  at  all.  It  will  be 
feeti  afterwards  diat  many  animal  fubftanoes.  affiud 
an  exceUent  pabulum  for  this  green  ve^etatde 
soatter^ 

I  alfo  made  a  fimilar  experiment  with  flices  of 
cucumber^  when  thoie  in  the  fun  became  covered 
JKitb  green  matter,  and  yielded  pure  air,  but  thofe 
that  had  been  placed  in  the.  fhade,  though  they  did 
ykld  a  icEiaU  quantity  of  air^  it  was  whoUy  phlo- 

I  gifticatedi 


giflicatedy  thoi:^  not  inflammable^  which  many 
Y^tabk  iubftances  yield  in  the  fan^  circum* 
fiances. 

That  it  vra>  the  ^^^  Tnatter  that  yielded  the  air, 
and  not  the  mere  action  of  tight  upon  the  water, 
might  be  inferred  from  my  former  experiments; 
and  this  was  my  own  idea  at  the  firft,  though  I  quit- 
tod «  it  afterwards.  The  appearance  which  then 
mifled  me  was  die  great  quantity  of  pure  7dT  emit-« 
ted  by  the  water,  after  it  was  poured  oflF  from  the 
greea  matter  But  before  any  air  can  appear  on 
the  furface  of  the  water,  in  its  elaflic  ftate,  the  wa- 
ter itfclf  muft:  be  thoroughly  fatumed  with  it,  In 
which  cafe  it  contains  fb  much  air,  that,  upon  the 
Icaft  agitation,  even  without  heat,  it  readily  part^ 
with  it,  and  exhibits  the  beaudful  appearance  which 
I  then  de£:ribed.  But  that,  notwithftanding  this 
appearance,  it  was  the  grem  maitery  and  not  the 
water  that  yielded  the  air,  I  was  convinced  by  the 
following  expeiiment. 

JJaving  a  number  of  earthen  plates  covered  with 
green  niatter,  I  introduced  feveral  of  them  under 
veifels  fiUed  with  fre(h  pump  water,  and  dxen  placed 
them  in  die  fon,  together  with  other  veffirls  filled 
with  the  £une  water,  at  the  fame  time,  but  ffauid* 
ing  on  clean  plates  \  when  I  conftantly  found  that 
aur  was  immcdiatdy  produced  in  the  veflels  con- 
taining the.  green  matter  but  none  in  the  others, 

dU 
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till  the  green  matter  was  naturally  formed  in  them; 
after  which>  but  not  before,  pure  air  was  produced 
in  thofe  veflels  alfo. 

I  likewiie  ufed  water  that  had  long  been  expoied  to 
the  fiin's  light,  fo  that  it  muft  have  depofked  every 
thing  that  mefe  Ugbf  could  make  it  part  with ; 
and  yet  in  this  water,  upon  plates  pf  green  matter, 
air  was  immediately  produced,  as  well  as  in  water 
that  had  never  been  expofed  to  the  ilin. 

I  was  led  to  thefe  experiments  by  obferving  that 
air  was  immediately  produced  from  thole  parts  of 
my  jars  to  which  green  matter  from  former  experi-^ 
ipents  happened  to  adhere,  not  having  been  care* 
fully  cleaned.  It  was  Iftiewife  an  evidence  that  it 
was  the  green  matter,  and  alio  in  a  vegetating  ftate, 
which  yielded  the  air,  that  when  a  plate  covered  with 
it  had  been  made  pretty  hot  before  the  fire  (by 
which  the  plants  had  probably  been  killed)  it  was 
incapable  of  yielding  any  air. 

Having,  by  this  means,  fully  latisfied  myfelf, 
that  the  pure  ^r  I  had  procured  was  not  from  the 
ivateTy  but  from  the  green  vegetating  fubftance 
ailifted  by  light,  I  concluded  that  other  aquatic 
plants  muft  have  the  fame  effeft ;  and  going  to  a 
piece  of  ftagnant  water,  the  bottom  of  which  was 
covered  with  fuch  plants^  I  took  five  or  fix  different 
kinds  promifcuoufly.  Then,  having  put  them  into 
ieparatc  jars  of  the  water  in  which  they  were  grow- 
ing. 
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ing^  and  Jn vtrtcd  them  in  bafons  of  the  fame,  I 
placed  them  in  the  fun  \  and  I  found  that  all  of 
them,  without  exception,  were  immediately  covered 
with  bubbles  of  air,  which  gradually  detaching 
themfelves  from  the  leaves  and  ftalks,  where  they 
had  originated,  role  to  the  iurface  of  the  water; 
and  this  air,  being  examined,  appeared  to  be,  in  aU 
the  cafes,  very  pure,  though  not  quite  fo  pure  as 
that  which  I  had  before  procured  from  the  green 
matter;  the  meafures  of  die  teft,  with  two  equaj 
quantides  of  nitrous  air,  being,  at  a  medium,  1.5. 
Afterwards  air  procured  from  thefe  plants  was  very 
iieariy  as  pure  as  the  other. 

In  order  to  afcertain  with  more  precifion  thf 
jeal  origin  of  this  pure  air,  and  efpecially  to  deter- 
<mine  whether  it  was  properly  produced  by  the  light, 
and  fomething  within  the  plant  (which,  as  I  found 
afterwards,  feems  to  be  the  id^a  of  Dr.  Ingen- 
houfz*)  or  only  by  dephlo^fticating  the  air  pre- 

*  He  feyg  (Experiments  on  Vegetables,  p.  23)  that "  the  air  ob- 
*^  tained  from  the  leaves  is  by  no  means  air  from  the  water,  but  air 
f '  continuing  to  be  produced  by  a.fpecial  operation  carried  on  in  a 
'^  living  leafy  expofed  to  the  day  lightt  and  forming  bubbles,  becaufe 
'^  the  funrounding  water  prevents  this  air  from  being  difiufed 
**  through  the  atmofphere."  Again,  p,  89,  he  fays  of  the  green 
vegetable  matter,  "  It  is  wonderful  that  this  green  matter  feems 
**  never  to  be  exhaufted  of  yielding  dephlogifticated  air,  though  it 
.<<  has  no  free  communication  with  the  common  atmofphere,  from 
**  which  the  moft  part  of  other  plants  feem  to  derive  their  ftock  of 
*'  air.  Does  this  vegetable  matter  imbibe  this  air  from  the  water, 
:•       .  "and 
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« 
vioufty  contained  in  the  water>  which  I  fuipcAed 

from  my  fomier  etperimenti  on  vegetttioii)  t  kept 
a  quantity  of  thefe  water  plants  in  jars  of  water  in 
the  fun,  as  long  as  they  would  giv^  any  air ;  then 
only  changing  the  water  I  found  that  the  fame 
plants  immediately  began  to  givt  frefh  dr  as  co- 
pioufly  as  at  firft.  The  particular^  of  the  experi« 
mcnt  were  as  follows. 

I  put  a  handful  of  thefe  water  plants,  without 
diftinguifhing  their  kinds,  into  a  receiver  contain^ 
ing  eighty  ounce  meafures  of  water^  inverted  in  a 
bafon  of  the  fame ;  and  when  they  had  yielded  be- 
tween fix  and  (even  ounce  meafurts  of  air,  I  eit- 
amined  it,  and  found  that  with  two  equal  quantities 
of  nitrous  air,  the  meafures  of  the'teft  were  o.8. 
But  the  air  had  been  diminilhing  about  three  days^ 
fo  that  I  believe  there  had  been  eight  ounce  mea« 
fures  in  all,  or  one  tenth  of  the  capacity  of  the  jar, 
and  certainly  purer  than  it  wa^  now  found  to  bd 
It  was  evidenf,  therefore,  that  no  more  air  would 
have  been  produced  by  thefe  plants  in  this  water9 
though  placed  in  the  fun.    Replacing  this  jar  with 

**  and  change  it  into  dcphlogifticat^d  air?  thi$  does  not fcem  to 
*«  me  probable — ^I  (hould  rather  incline  to  believe  that  the  wonder"- 
**  fill  power  of  nature,  of  changing  one  Aibftance  into  another,  and 
**  of  promoting  perpetually  that  tranfmutntion  of  fobftances  which 
**  we  may  obfcrvc  cvf ry  where,  is  carried  on  in  this  green  vegetable 
**  matter  in  a  more  ample  and  confpicuous  way/' 

more 
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more  of  the  £une  river  wjfter,  the  fame  plants  wem 
inftstntly  covered  with  air  bubbles,  and  in  a  very 
ftw  hoars  had  yielded  more  than  an  ounce  mca- 
iuie  of  air.  3ome  diuk  weedy  which  fwam  oh  the 
top  of  the  wacer,  in  the  former  part  of  this  experi^ 
menty  was  dead,  owing,  no  doubt,  to  the  piirity  of 
die  air  to  which  it  had  been  expoied. 

To  conclude  this  feriea  of  experiments,  I  expelled 
air  ftom  a  quantity  of  this  river  water^  both  before 
the  plants  were  put  into  it,  and  afterwards ;  and  I 
fcund  that  the  air  contained  in  it  was  purer  after 
the  plants  had  been  confined  in  it  than  before,  though 
the  whole  piece  of  water  being  quite  full  of  plants^ 
the  TAX  contained  in  it  was  tolerably  pure  in  the  firft 
iiiftaDice.  The  meafures  of  the  teft,  with  an  equal 
quantky  of  nitrous  air  being  i.  But  the  air  ex« 
peHed  from  the  water  after  the  plants  would  grow 
in  it  no  longer,  was  ib  pure^  that  with  tvoti  equal 
qtiaotities  of  mtrous  air,  the  meafures  of  the  teft 
were  I.  Alib^  whereas  the  phial  of  water  in  the 
fiift  cafe  gave  only  2.4  ounce  meafiires  ef  air,  the 
fiufne  plual  afterwards  gave  4.4;  which  is  nearly 
twice  as  much,  l^or,  as  I  have  obferved  before, 
wheieas  the  phlogiftioacion  of  air  diminiflies  the 
quaqtiiy  o#  1^  thfe  dt^ogiftication  mull  incitafe 
die  quantity ;  and  diis  increaie  exceeding  the  quto^ 
^tsf  which  die  waficf  is  cajialjle  of  h^ldiAg  in  ibhi^ 

tioPi 
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tion,  part  of  it  is  dtCached^  and  appears  in  ah  daftic 
form  on  the  furfacc. 

It  is  alfo  a  proof  that  the  proper,  origin  of  ,aQ 
the  air  produced  in  thefe  circuinftance»  is  not  ^ 
plant  and  the  lights  and  that  thefe  are  only,  agents 
to  produce  that  efFedl:  upon  fomething^lfi:, 'that4n 
all  cafes,  the  quantity  of  air  produced  beara  a  cer-* 
tain  general  proportion  to  the  capacity  t)f  the  yeflel 
in  which  the  proccfs  is  made,  nev^r,  I  belieye  ex- 
ceeding one  eighth,  exclufive  of  that^  which  is  held 
in  folution  by  the  water  \x$A(y  which,  :hpwcv^>  is 
pretty  confiderable. 

.  A  jar  containing  one  hundred  and  fifteen  ounce 
meafures  was  filled  with  pump .  ^atex  -  the  2d  of 
June,  and  it  prefently  began  to  yield  air,  ^d  con** 
tinued  to  do  fo  about  a  fortnight,  a|ter  which  very 
litde  was  produced.  The  quantity  I  received  fit>m 
it  was  twelve  ounce  nieafures,  which  is  more  than 
one  temh  of  th^  bulk  of  the  water^  and  as  highly 
dephlogifticated .  as  almQf^.any  that  I  bad  ever  pro- 
cured. The  reaibn  ^i^hy  this  jar  beg^  to  yield  air 
immediately^  was,  thajt  green .  n^atter*.  from. '  former 
experiments  adhered  to  feveral  j^rts.  of  it»: 
«  At  another  tinie  I  pbferved,  thatrwh^^.lai^ 
earAcn  trough,  .filled  wjth  punrip  M^^jiet,  was  very 
turbid,. with  green  matter,  floating  iji  it,:  .ftnd  in  a 
ftate  of  giving  air  very  plentifolly,  if  Lipyerted  aoy 


j^r  full  of  \ty  'itwouid^  inrabcnsta  week,  yield  one 
eighth  of  i&  contents  of. air;  and  examining  it,  I 
fbxind  this  airifo  pute,  that  widi  two  equal  quan-- 
tities  of  nitcotB'  air>  the  mcafures  of  the  teft  were 
0.5.    • 

From  this  e3i!perimenr  it  was  very  evident,  that 
there  is  no  proper  produ^m  of  air  in  the  cafe,  but 
only  a  depuratitnty  or  dephlogiftication,  of  the  air  pre* 
▼ioufly  contained  in  the  water ;  and  as  water  plants 
depurate  the  air  that  is  held  in  iblution  by  the  water, 
it  is  agreeable  to  analogy  that  plants  growing  in^ 
air  fhould  depurate  that  air  to  which  they  are  ex- 
poled     This  led  me  to  try  whether  plants  growing 
in  air  would,  when  wholly  immcrgcd  .in  water, 
though  it  be  not  their  natural  element,  exert,  and 
retain  for  any  tkne,  their  power  of  depurating  air* 
But  ftill,  to  keep  as  near  as  I  could  to  the  water 
{dants,  with  which  I.  had  had  fo  much  Hicceis,  I, 
pitched  upon  the  water  flag  for  the  experiment  y 
the  root  of  this  plant  and  part  of  the  fialk  bbing 
in  water;  though  the  upper  part  emerges  out  of 
it.    Not  fufpe6ting  that  the  mere  leaves  of  a  plant 
retain  fp  much  life  as  Dr.  Ingenhoufz  found  them 
to  do.  (and  as  I  might  have  learned  from  Mr.  ^Bon• 
net)  I  took  three  whole  plants,  and  put  them  into» 
tall  jars  of  water  for  the  purpofe«;  when  I  obferved 
that  the  leaves  were  preiently  covered  with*  air  bub« 
bies,  and  continued  to  give  air  the  whole  day;-  •  Tbis^ 

air 
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w  I  obiervedto  ftream  from  both  fides  of  the  lea^ 
and  eveiy  part  of  the  :ftalk»  This  ah*  I  examined, 
and  feund  it,  in  one  cafe,  to  he  fomething  wode 
t^  common  air,  ixic  in  another  cafe,  Jbniething 
better,  though  not  conHderably  fo.  Before  I  pro* 
ceeded  to  make  trial  of  any  other  plants,  I  vras  in- 
formed of  the  experiments  of  Dn  Ingenhou£c, 
whoie  afliduous  attention  to  this  fubjeft  gave  me 
the  greateft  fati$fa£tion,  and  entirely  fupcrfeded  what 

^  I  nsig^  otherwife  hare  diought  of  doing  in  the 
Jiame  way. 

It  appears  from  thefe  experiments,  tiiat  air  com* 
bined  with  water  is  liable  to  be  phlogifHcated  by 
refpiration,  and  to  be  dcphlogifticated  by  vegetal 
tioQ,  as  much  as  air  in  an  ekflic  ftate,  out  of  water# 
For  fifhes,  as  I  fhall  ob&rve,  foul  the  air.  contained 
in  the  water  m  which  they  are  confined,  and  water 
plac^  now  appear  to  purify  it*    This  is,  no  doubt^ 

*  one  of  the  great  ufts  of  weeds,  and  other  aquatic 
jdants,  with  which  fitih  water  lakes,  and  even  ieas 
abound,  as  well  as  their  fervmg  for  food  to  a  great 
number  of  fiihes. 

The  experiments  recked  in<  this  kStvo/a  may  he^ 
us  to  explain  why  water,  after  ifiuing  from  the 
cartb>  and  employed  in  floating  meadow  isoid,  be- 
comes io  tinoe  exhaufled  of  its  power  o{  fertihziDg 
dmn.  When  it  iflues  fitm  the  eardi,  it  contains 
akof  an  ttspure  kinds  that  is,  air  loaded  with  phh>» 

gifton. 
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^fton.  This  principle  the  roots  of  the  grafs  ex- 
traft  from  it ;  fo  that  it  is  then  replete  with  depUo- 
gifticated  air^  and  confequendy  the  plants  it  afcer- 
.\¥aitls  comes  into  contact  .with^  find  nothing  in  it 
to  feed  upon.— I  believe  it  is  commotily  imagined, 
.«tbat  die  *wal:er  depofits  fomething  in  itscourfe  upon 
due  earth,  of  it9  bed^ ..  and  hy  that  means  becomes 
efiete,  and  incapable  of  nouriOiing  plants. 

I  therefore  dcfired  Mr.  Young,  to  whom  this 
couDOy  xnf9€s  fo  mnchtfdrtbe  attenttcmthat  he  has 
^ven.'to  the  btifine&  of  ag^itulture^  to  ieiid  me  a 
quantity  of  foch  w^ter  zs  had  beeatfo^nd  to  be 
molt:  v&fal  in:  feruUzaog  meadows,  i  H&:;  was  fo 
iiyJa^hg)  as  jtt):fend  me  two  bottles  of  i  fuck  water  • 
aqd  as:fmii  atf  1 -ttceived  them  I  eiqpelledfrom 
cheiiBjthe  air  they  comamed>  and  .found: that  which 
was  in  one  of  them,  fufficientlyunipure,  the.firandard 
oficb^g'i.4$  but  that  in  the  odiier,  wasfuchas 
is  ufoaUy.  contained  in  water  that  has  been  long 
expofedito  jl)£  atmofphere, ;  beiiig  •  of  the  ftandard 
of  i.os  fo  that  I  imagined  it  had  not  been  fuffici* 
endy  well  corked.  After  die  water  in  the  other 
botdejlvid  been  e?q)0&d  a  few  days  to  die  open 
air,  the  air  {contained  in  it  was  of  the  fame  quality. 
Upon  the  whole,  I  thiii  that  the  txperimient  was 
fiiificiendy  favourable  to  the  hypoth'efis,  but  more 
ought  to  be  made,  and  if  poffible,  on  the  fpot 

■  • 
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SECTION    Via. 

farther  Objervations  en  the  green  vegetable  Metter 
mtb  which  marrf  of  the  preceiHng  Experiments  were 
made. 

I  Very  mudi  doubt  whediar  the  gwtti  wamh 
which  was  die  fviytA  of  die  pmceding  o|r 
perimentSy  has  ever  been  pioperif  nodnd  1^ 
bocanifts.  The  eefferva  fmt^aUs^  ar  it  is  ^cfibed 
by  Dr.  Widiering,  in  his  moft  ufcfiil  Qffte9i  of 
botany,  dux^h  laid  to  have  direada  entremefy  Jheirt^ 
is  only  fidd  to  ha^  them  ^  ibmedmes  noc  more 
thata  half  an  inch  in  kngdi/^  and  it  ia  aUb  laid  to 
be  of  a  brmnn/b  graen.  Whereas  diis  whole  plant 
cannot  be  one  tenth  of  an  inch  in  le»gdi».aiid  it  is 
of  a  beaudfbl  lively  green*  ^  It  will  be  dioi^liii 
however,  I  imagine,  to  coiiut  mxA  pioperly  under 
the  denomination  of  the  emfervai  Ux  due  not  be-^ 
ing  within  my  province,  I  i^all  not  pnfinm  to  ffrt 
it  any  particular  appelfauion,  though  I  mig^tbe 
inclined  to  call  it  /i^  watet^  mefs.  I  Ihall  diereftre 
continue  to  call  ii^  in  general,  the  green  matter^  or 
the  green  vegetakle  fitbftmfe.  Whether  this  plane 
has  ever  got  a  name  in  fyftemis  of  botany,  or  not, 

its 
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yci naturd binary  is  certsdnly  unknown;  and  ther«« 
foscr  in  dn  and  the  following  feftion,  I  (hall  give 
ilich  an  account  of  its  mode  of  growthy  and  other 
paractdaia  rdatii^  to  it^  as  have  happened  to  &I1 
under  nty  obfervadoa*. 

In  gcnei^  die  fteds  of  this  plant  (for  I  prefume 
duM^  fike  odier  plants^  this  aUb  muft  have  fieds) 
float  imrifibfy  in^  the  air,  and  are  capable  of  pro* 
ducing  plants  in  att  feafixis  of  dieyear^  wher^r 
tftejr  nceii  with  water^  eipeciaHy  if  it  be  knpreg-* 
Mttd  witfc  not  too  great  a  proportion  of  vegetable 
OP  amnudi  iiabfliancey  in  aftate  ofputre&ftion;  and 
if  it  dDes-  not  adfajalfy  freeze^  die  plants  never  £ul 
ft>  appear  ki  dieir  vigour^  fo  as  tx>  be  citable  of 
pRKhicfng  air>  in  die  ^acc  of  a  few  days.  But 
dmjglt  the  sidieit  pabulum  for  this  plant  is  the 

^  Dr.  iogenboHia'a  idea  of  the  origin  of  thia  Tegetable  matter^ 
as  lie  lumielf  allows  it  to  be,  is  rather  extraordinaryy  confidering 
how  long  the  dodrine  of  equivocalf  or  JpontMemu  generation^  has 
bMa  exploded.  He  %s,  p*  90^  ^*  The  water  itfd^  or  ibme  fub- 
*<  ftaoce  in  the  waler^  is»  as  I  think,  changed  into  this  Tej^etation^ 
^  and  undergoes,  by  the  influence  of  the  fun  ihining  upon  it,  in 
^  this  very  liibftancey  or  Idnd  of  plants,  fuch  a  metamorphoiis,  as 
**'  to  become  what  we  now  call  dephlogiilicated  air.— This  red 
*<  toanfinutatioQi;  though  wonderful  in  die  eye  of  a  ^hilofopher,  ytt 
**  is  no  more  extraordinary  than  the  change  of  grafs  and  other 
**  vegetables  into  fiit,  in  the  body  of  a  graminivorous  animal,  and 
**' the  prododion  of  oil  from  the  watery  juice  of  an  olive  tree.*' 
Bbtthedniige  of  vMerr into  an  wgantzed flwitf  is  a  thing  of  avery 
difierent  nature  firOD^  thcfe. 

X  2  putrefcent 
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putrefcent  parts  of  animal  iand  vegetaUe  iubftances^ 
fome  of  them  are  un&yourable  to  it,  and  prevent 
its  growth. 

;  The  ieeds  of  this  plant  infimiate  themfelvesinto 
veflels  of  water  through  the  fmalleft  apertures,  and 
then  diSiifQcthtmielves  through  the  whole  mais  of 
it;  fo  that  when,  the  largeft  jars  are  fiiled  :witb 
water>  and  placed  inverted  in  balbns  of  .the  -fame, 
and  cohfequently  die  feeds,  itiuft  enter  between  tho 
bafons'andJthe  bottoms  of  tbejars,  the  plants  will 
firft  appear  at  the  very  top  of  the  jar,  if  th^  beft 
pabulum  for  it  be  lodged  there.  It  will.likewife 
appear  fronrt  the  following  experiments,  tha^  .diou^ 
the  tendency  to  produce  pure  air  is  &v6ured  by  a 
certaiaquandty  of  putrefaftive  matter  in  the  water 
in  ^f^hich  thefe.  plants  are  found,  the  quaadty  may 
be  fo  great,  as  to  counteract  the  operation  of  the 
plant;  and  phlogifticate,  and  diminiih,  the  air  as  fiit 
as  it  is  produced. 

.  As  I  (hall  generally  defcribe.  the  whole  of  every 
proceis,  juft  as  I  noted  the  appearances  at  the  time, 
the  neceflary  influence  of  light  in  the  production  of 
jdephlogifticated  air,  as  weU  as  other  circumllances 
already  proved  by  the  experiments  recited  above, 
will  occafionally  receive  additional  confirmation. 

I  have  found  a  flower  and  a  lefs  produce  of  air  * 
from  rain  water  than  froni  pump  water;  owing,  I 
fuppofe,  to  the  rain  water  containing  lefs  air  to 

operate 
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operate  tipoh>  and  generally  alfo  in  a  purer  ftate 
than  that  which  is  contained  in  pump  water. 

On  the  8*th  of  June,  I  placed,  in  the  open  air,  a 
Ikrge  jar  of  rain  water,  inverted  in  a  bafon  of  the 
&me  I  but  no  green  matter  appeared  in  it  before 
the  aad  of  the  month.  On  the  a4th  of  July,  find- 
mg  no  more  air  produced,  I  examined  it,  and  found 
the  quantity  to  be  two  ounce  meaftires  and  a  half: 
and  wiA  two  equal  quantities  of  nitrous  air,  the 
meafures  of  die  tell  were  1.24.  This  rain  water, 
which  was  received  in  a  large  tub  from  the  rpofof 
a  houfei  yielding  fo  Httle  air  of  itfelf,  I  generally 
made  ufc  of  it  when  I  tried  the  effeft  of  different 
impregnations  cf  water. 

The  green  matter,  and  cohfoquendy  the  produc- 
don  of  air,  alfo  generally  appeared  vety  late  ii| 
diftilkd  watiTy  which  is  a  confirmation  of  the 
hypothefis  mentioned  above.  For  water  after  di(l 
dilation  muft  have  dme  to  imbibe  air  from  the 
common  atmofphere  for  this  plant  to  operate  upon, 
before  Sny  air  can  be  produced  from  it.  On  this 
account,  I  have  always  found  that  this  effefi:  has 
been  foonefl:  produced  in  the  fmalleft  vcflet.  Hav- 
ing, on  the  20th  of  Auguft,  expofed  to  the  air  a 
jar  nine  inches  deep,,  and  another  of  four  inches, 
not  inverted  in  bafons,  but  fimply  filled  with  drfi 
tilled  water,  the  latter  was  covered  with  green  mat- 
tcr  on  the  6tb  of  i^eptember ;  whereas  it  did  not 

X  3  appear 
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^pear  in  the  taller  veflel  ttU  a  conGderable  tone 
afterwarxjs. 

In  OM  expertnoenc  (from  whidi>  Jboiwtvav  I 
woyld  not  4r»w  any  certfun  conchifion)  diftilkd 
water  was  more  ftvounMe  to  the  produAion  of 
this  green  matter  than  nan  wafier*  inriiidh,  being  col* 
kded  from  die  roof  of  a  houfe^  ii^ght  contMi  iiiMiie 
peculiajr  impregnation  un&vatinible  to  yegetatioo. 

I  put  four  pennyweights  of  boikd  mutton  into 
the  belly  of  a  retort^  containing  about  a  pint,  filfed 
with  diftilled  wa^r»  and  an  equal  ({uantity  fA  the 
fame  mutton  I  put  into  a  retort  of  iSvt  6me  fis^ 
filled  with  rain  water;  and  obferving  them  lune 
days  afterwards^  I  found  the  latter  of  a  reddidi  fauc^ 
with  very  little  air,  whereas  the  former  was  all 
green,  and  in  a  ftate  of  yielding  air  very  copioufly. 
The  mouth  of  diis  retort  was  inmier&d  in  a  vei&l 
of  water  feven  inches  deep,  and  was  aHb  doied 
with  a  cork,  which  had  a  very  fmall  perforattco  in 
it,  in  order  to  cut  olF,  as  much  as  poffihle,  dl  corn-* 
Ifnunicatioo  with  the  external  air.  Perhaps  the  iecds 
pf  this  plant  might  have  been  in  this  water  previous 
to  Its  expofure,  though  it  had  been  diftilled  not 
long  before  the  experiment. 

I  found  this  green  matter  in  a  ftate  of  giving  air 
in  water,  which  had  formerly  been  impregnated 
with  fixed  air  and  iron.  The  fixed  air,  however, 
|)esng  g09e,  and  the  iron  precipitated,  nothing  but 

fimple 
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fimple  water  was  left.  But  I  likewife  feund  this 
plant  in  water  impregnated  both  with  cm^mm  Jolty 
and  with  /dtfetre^  which  impregnations  water  will 
not  part  with  in  the  open  air. 

The  waiter  was  impregnated  with  conomon  ialt, 
fi>  as  to  make  it  about  the  lame  degree  of  faltnefs 
widi  diat  of  iea  water,  and  it  was  expofed  in  a  tube 
an  inch  in  diameter,  and  three  feet  long,  inverted 
in  a  pot  of  die  fame  waien  AU  die  infide  of  the 
tube  was  in  dme  nearly  covered  widi  fmall  green 
knobs,  almoft  contiguous  to  each  other,  and  not 
widi  fuch  an  tuiilbrm  coating  as  is  generally  found 
in  comnEioo  water.  The  air  was  very  pure.  De« 
phkigifikaied  air  was  aUb  fMrocured  at  die  fame 
time  in  a  fimilar  t«be^  fiUed  in  the  fame  manner^ 
with  water  impreg^uted  with  an  equal  quantity  of 
wtre^  But  the  air  in  this  appeared  not  to  be  quite 
fi>  pure  as  that  in  the  water  im{H«gnated  with  com« 
moniak. 

Having  impi^g^ted  A  ^uandty  of  watef  very 
ftrong^y  with  fix^  air^  I  placed  it  in  an  inverto4 
phial,  and  obferved  that  no  green  matter  appeared 
in  it  of  along  time;  but  when  the  fixed  air  might 
be  fuppofed  to  have  made  its  efcape,  the  green 
matter  appeared ;  and  the  air,  when  examined,  was 
feiuid  to  be  of  the  pureft  kind,  without  the  leaft 
mixture  of  fixed  air  in  it.    With  two  equal  quan- 

X  4  tides 
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tides  of  nitrons  air,  the  meafures  of  the  tcft  were 
o.c.  ^  •     • 

•  In  order  to  obferve  on  what  part  of  a  veflel  of 
water  the  feeds  of  this  plant  would  firft  fall,  and  in 
what  manner  they  would  then  propagate  themfelves, 
I  placed  in  the  fun  a  glafs  tube  one  inch  wide  and 
three  feet  long,  in  an  mclined  polidon,  but  with  its 
mouth  upwards,  filled  widi  diflilled  water.  The 
green  matter  firft  af^ared,  in  fmall  fpecks,  about 
two  inches  below  Ac  fiirface  of  the  water,  on  the  * 
fide  to  which  it  was  inclined,  then  on  the  fame  fide 
near  the  middle  of  the  tube,  and  laftly  all  the  bot^ 
tom  was  covered  with  it.  On  the  whole,  the 
tube  prefented  the  appearance  of  die  feeds  hav* 
ing  been  let  fall  into  it  perpendicularly,  and  paffing 
through  the  water  to  have  fixed  themfelves  where 
they  happened  to  impinge.^  Had  the  tube  been 
placed  perpendicularly,  the  green  matter  would,  I 
fuppofe,  have  appeared  firft  at  the  bottom  of  it,  as 
indeed  I  have  generally  found  to  be  the  cafe,  and 
would  have  extended  itfclf  fix>m  thence  to  the  fidc^ 
of  the  tube,  > .      , . 
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SECTION      IX. 

Of  the  Produ^ion  of  Green  Matter,  and  (f  pure  Air, 
hy  Means  of  various  Vegetable  Subft antes  in  Water. 

HAVING  very  foon  obferved  that  this  green 
vegetable  matter,  or  water  mofs,  was  planted 
and  propagated  with  more  eaie,  and  produced  air 
more  copiou^,  in  fome  circumftances  than  in 
others,  and  diat  various  fubftances,  animal  and  ve- 
getable, were  favourable  to  it,  and  others  of  both 
kinds  un&vourable,  I  tried  a  great  variety  of  them, 
and  fhall  recite  flich  of  the  particulars  as  appear  in 
any  meafure  remarkable,  and  fuch  as  may  fumi(h 
hints  for  the  £irther  inveftigation  of  what  relates  to 
this  fubje6t 

The  moft  remarkable  circumftances  attending 
thefe  experiments  was,  that  fome  fubftances,  con^ 
cerning  which  I  could  have  had  no  fuch  expefbation 
a  priori,  inftead  of  admitting  the  growth  of  this 
plant,  when  they  began  p  putrify,  and  diflblve, 
which  was  the  caie  with  moft  vegetable  and  animal 
fubftances,  yielded  from  themfelves  a  very  great 

quantity  of  inflammable  air  i  and  it  made  no  4ifier* 

ence 
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ence  whether  theywere  placed  in  the  fun  or  in  the 
jhade.  Whereas  other  fubftances,  which»  if  they 
had  been  confined  by  qxiickfilver,  would  have  yield- 
ed»  by  putrefa^on^  inflammable  air  alio,  together 
with  a  portion  of  fixed  air>  only  (iipplied  the  proper 
pabulum  for  this  green  matter,  and  the  whole  pro* 
duoe  was  pure  dei^ilogifticated  air ;» the  pfak)|^oiv 
which  in  other  circumfiances  woukl  hate  bten  coii^- 
verted  into  inflammable  air,  now  going  to  the  nou- 
rifliment  of  this  plants  which  by  the  infloeikTC  of 
light  yields  luch  pure  air. 

I  (hall,  in  the  firft  [dace,  g^vc  an  account  of  the 
experiments  I  made  with  the  Umjes  of  jdants^  an4 
then  with  fbme  other  parts  of  them,  confining  my* 
felf  chiefly  to  fuch  as  are  commonly  i^  fo^  food  » 
havii^  in  that  chdce  a  view  to  |he  pvuiple  if  m^ 
irUm^  bcfides  diat  fuch  fubftances  were  aioA:  at 

On  the  1 8th  of  June,  I  put  eigh(Mn  pennyweightf 
of  green  cabbage  into  a  large  jar  of  rain  water.  Oil 
the  28th  the  ^ater  began  to  be  a  litde  turi>]4i  JUid, 
the  veflel  contained  three  ounce  ineafiires  <£,  air,  n6 
part  of  which  was  fixed  air;  and,  with  two  equal 
quantities  of  nitrous  air,  the  meafiires  of  the  teft 
were  1.44.  Havii^  changed  the  water,  and  left 
the  cabbage  in  the  fame  vefl^l»  on  the  i8th  of  July 
there  was  in  it  fm  ounce  mea^rea  of  air,  vHiich  wiA 
increaflng  very  rapidly,  all  the  water  being  verjp 

green; 
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gnieii ;  hiA  Attcr  wt  i9^>  litoc  tnonc  flir  ivss  pio^ 
duocd.  At  this  time  I  coUeded  ten  otioce  mea^ 
fures^  no  part  of  wUch  vas  fixed  air^  and  ^vith  two 
equal  qoandoes  of  aitroas  air,  die  mealures  of  die 
teft  wtK  OJ67.  The  cabbage  was  then  Mt^  Ibot 
nt^ofienfire. 

Replacing  ^  &ine  Cibbage  in  frelh  waiery  on 
the  27th  of  Julf  Defend  ounce  nneaiiires  of  air  wm 
produced,  and  on  the  a^ith  I  took  from  it  ti^c 
ounce  meafiires,  the  prodnfiion  of  air  havii^ceafed 
a  day  or  two  before.  TItts  air  was  quite  as  pure 
asthelaft  ^  for  the  meafures  of  the  teft  were  0.6^ 
and  die  cdbbage  was  ftill  foft,  but  not  in*  die  kaft 
c0enfiv€.  The  res^n  <rf'this,  I  imagine,  was,  that 
the  phlogifton,  which  would  have  coidlituttd  the 
oflfenfive  fmell  of  die  cs^bage  (and  no  putrid  v^- 
table  fobftanofi  is  more  (^lenfiv^e)  was,  m  diis  cafo, 
imbibed  by  this  vnUer  mofs^  as  faft  as  it  was  produced 
hf  die  procefs  of  putrefaftion  i  and  the  vdBA  being 
hx^4  there  was  no  fuperabundant  phlogifton  to 
contaminate  die  ain 

In  order  to  try  what  eflfeft  a  larger  quantity  of 
cabbage  in  proportion  to  the  fizc  of  the  jar  would 
have,  and  alfo  what  would  be  the  difierence  of  its 
putrefying  in  the  dark,  I  made  the  following  expe- 
riment. 

On  the  19th  of  July  I  put  two  ounce  meaiures 
and  a  half  df  cabbage  mto  a  finall  veflel  of  water 

in 
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in  the  ibn>  and  in  a  fimilar  veflH  an  equal  iiDantiC7 
of  the  £une  cabbage  in  a  daik  room.  On.the  25th 
the.wijitcr  of  the  yeflel  in  the  fun  had  aivhiofli  ap^. 
pearanfce,  and  about  an  ounce  meafure  of  air  was 
produced ;  but  2t  the  iame  time  there  was  a  much, 
larger  quantity  of  air  produced  from  the  cabbage 
IB  th^  dark>  the  water  being,  turbid  alfo.  The  day 
fidlawing  I  examined  the  air  from  the  dark  room, 
spd  fouiid.it  to  be  fixteen  ounce  meaiures,  one 
thirsl. fixed  air^  and  the  reft  itrongly  inflammable. 
The  cabb^  was  putrid  and  highly  ofienlive.  That 
ip  the  fun  had  yielded  an  ounce  meafure  and  a  half 
^f  ao*,  a  very  fmall  proportion  of  which>  perhaps 
one  twentieUi,  was  fixed  airj  and  the  reft,  (lightly 
inflanamabkj  d)e  cabbage  Q0enfive. 

This  experiment  fh^ws.^that  vrithout  light  in^ 
flamoutble  air  is  produced  by  the  putre&^on  of 
T^table  fubftances,  ai^i^  accovints  for  the  produc- 
tion of  this  kind  of.  ^  in  marfhes.  The  reafbn 
why  the  cabbagp  in  the  fun  alfb  produced  inflam- 
mable air  (though  it  was  not  in  fo  great  a  quantity 
as  fi-om  the  cabbage  m  the  dark)  was  that  the  ma& 
of  it  was  too  great  for  the  capacity  of  the  veflelt 
There  had  alfo  been  very  little  funfhine,  the  wea- 
ther having  been  rainy,  or  cloudy. 

On  the  28  th  of  June  I  put  fourteen  pennyweights 
of  lettuce  ^into  a  jar  containing  twenty  ounce  mea* 
fures  of  rain  water.    On  the  third  of  July  it  becan^ 

turbid. 
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turbid^'  ahd  two  ounce/jneiaftins  of  air  were  ^ro- 
duced>  the  ilighteft  proportion  of  ^whidi  was  fixed 
air,  and  the '  rcft^  Ibohgly  ihjflammable.'  The  kt^ 
nice  Jiad'avetyoffenfiveTniiell.  In  this  c^fe,  as.  in 
1^6  foitner;  dit  quantity  4df  lettuce,  as  I  iimgined> 
wifc  too  great  :fbr  the  produ6ti6n  of  pure  air. 

A  branch  of  garden ji^rg^^  put  into  a  jar  of  rain 
water,  the  28th  of  Jutte,  iiad  yielded  but  a  £w 
bubbles  of  air  on  the  17th  of  July,  neither,  fixed  ok 
nor  inflammable,  but  of  the  ^ftandard  .of  common 
air.'  I  then  replaced  the  ipurge.  in  a  quantity  of 
frefli  water,!  and  on  the  27th  of  July  I  took  fipm 
it  an  ounce  meafure  and  an  half  of  air,  fo  pure  that, 
with  two  equal  quantities  of  nitrous  air,  the  mea* 
fiires  of  the  teft  were  *o.66 ;.  and  it  would  probably 
have  yielded  moire  air.  >  -At  the  time  of  the  firfirobi* 
fervation  I  irhagihed  the  plant  was  not  fuffidently 
putrid.  '  -^       .  •  '   / 

The  green  vegetable  matter  upon  this  plant  was 
of  a  pecuIiarJfpecies,  quits  diBerent  from  any  .thing 
that  I  had  ever  obferved  before,  or  have  feen  fince. 
One  of  the  berries  of  the  ipurge  was  •  quite  covered 
witH  it,  and  exhibited  the  aj^arance  of  fuch  a  figure 
as  is  generally  drawn  to  repteiieht  the  atmofphereof 
a  comet. '  It  confifted  of  filaments  as  fine  as  a  iiair, 
each  of  them  about  half  an  inch  in  length,  rifing 
perpendicularly  from  the  furface  of  the  berry.  This 
was  probably  the  proper  cmfervafontinaUs.  .     -^ 

<         i  The 
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Thi^  next  txfitooMSL  ftxhihrtft  iwy  dmijr  tw 
diffitreooc  bcLwccii  tbc  cflccc  or  AjpMy  Audi  m  Uff^ 
witfaid))e6t  to  liieobjflftofdm  iaqiii^^  On  die 
3otfa  of  July  I  placed  ludf  a  €Kmi^^  iiN%liifig 
fifteen  pcniiywei^ts».  in  a  YtflcLconMinuig  fevcnejr 
ounce  nieafiuts  of  water>  ia  the  fnri;  md  on  Ac 
24^1  of  Auguft  I  took  from  it  one  aunos  qorafure 
of  air»  fb  pure  that,  with  two  equal  qxwiidQea  of 
aitrous  air,  the  mealbres  of  the  tefl  were  co^  not 
in  the  kaft  inflammabk,.  and  without  any  AuKtuK 
of  fixed  air.  The  cucumber  was  -  quiise  covered 
widi  the  gneen  yegttdile  matter^  and  had  ae  bad 
ibieU* 

At  die  f^me  time  the  other  hsdf  of  tbe  finm  cin 
cumber,  whdch  had  hecakiept  ina  veffid  of  the  ftoM 
fize  in  the  dat^k^  had  yielded  oat  third  of  ao  ouactt 
mca&re  of  air»  all  of  which  waa  pMogifticaied^  aad 
the  cucumber  was  very  ofienfive.  In  this  ^cafe  i 
doubt  not  that  the  air  in  ita  nafbent  fbte^  aa  it 
may  be  called,,  waa  inflammable  air,  but  had  been 
changed  intt>  phlo^iticattd  air,  as  indamoiable  air 
b  apt  to  be ;  in  which  caft  the  quantity  is  aU 
w^rs  gceatly  diminiihed.  Of  dns  I  fliall  ptoduce 
sveral  inftancea  in  die  oourie  of  this  volome* 

The  only  jlSnitfr4  Tmade  trial  of  were  te^iU^iEffinar^ 
Of  thele,  on  die  aSthof  June,  I  put  daee  pemqr^ 
weights  into  ajar  containii^  about  £brty  ounce  noea*- 
fures  of  rain  waters  and  at  one  dmaduring  the  pn>« 

a  ceis 
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^ds  di<7  feemed  to  have  yielded  about  an  ounce 
ifneaTure  <^  air ;  but  on  the  17th  of  July  the  quaii* 
tity  was  manifeftly  diminifhed^  and  when  examined 
k  appeared  to  be  without  any  mbcture  of  fixed  air, 
and  very  nearly  phlogifticated^  the  nieafures  of  the 
tA  being  1.7*  The  lillies  had  no  bad  foDell.  I 
doubt  not  but  the  phlogifton,  which  is  always  ex- 
haled in  great  quantities  from  flowers,  had  contri- 
buted^ to  diminiih,  and  phlogiiticate,  the  better  air 
ifaai  had  been  firft  produced,  though  there  had  been 
but  litde  or  no  appearance  of  green  matter  in  this 
v^l. 

Petatcis  I  found  to  afibrd  an  excellent  pabulum 
for  this  vegemble  matter,  and  confequendy  to  be 
exceedingly  favourable  to  the  produftion  of  pure  air, 
but  ieemingly  not  at  all  when  they  are  boiled. 

On  die  14th  of  July,  a  potatoc,  weighing  two 
ounces,  two  pennyweights,  twelve  grains,  cut  into 
thin  dices,  was  put  into  a  jar  containing  a  hundred 
and- fifteen  ounces  of  rain  water,  and  placed  in  the 
iiin.  In  a  day  or  two  the  water  became  turbid,  and 
air  began  to  be  emitted,  the  potatoe  being  quite  co« 
vered  with  the  green  matter ;  and  on  the  aSth  all 
the  water  in  the  vefTel  was  fo  full  of  green  matter 
floating  in  it,  that  nothing  could  be  feen  in  the  in- 
fide  of  it*  At  the  fame  rime  a  low  jar,  containing 
adxHit  fix  ounces  of  water,  with  a  fmall  potatoe,  not 
fliced,  had  nearly  the  fame  appearance. 

Afterwards, 
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Afterwards;  on  die  jd  of  July,  I  put  (bme  flioes 
of  potatqe  into  a  tall  jar  containing  fix.  ounce  mear 
fures  of  water  frelh  diftilled^  having  a  communica* 
tion  with  the  water  in  the  bafon  in  which  it  was  in- 
verted by  a  glafs  tube,  with  a  very  fine  orifice  in  the 
cork  yich  which  the  jar  was  clofed.  About  the 
aotl>  of  Auguft  I  pbferyed  thefe  flices  of  potatoe  to 
be  a  little  green,  and  on  the  24th  they  were  wholly 
fo>  the  green  matter  firft  appearing  in  the  bafon  id 
which  the  jar  ftood,  which  was  fupplij^  from  time 
to  time- with  rain  water.    , 

In  order  to  try  what  quantity  of  air  I  could  prOK 
cure  by  nrteans  of  thefe  potatoes,  which  appeared  to 
be  fo  well  adapted  to  the^.  gurpofe,  I  put  three  of 
them,  each  about  the  bignefs  of  a  fmall  walnut 
into  a  veficl  containing  thirty  five  ounces  of  nun 
water.  They  yielded  five  ounce  meiafures  of  air, 
fo  pure  that,  with  two  equal  quantities  of  nitrous 
air,  the  meafures  of  the  teft  were  0.54.  The  pota* 
toes  were  quite  foft,  but  could  not  be  faid  to  be  of- 
fenfive.  Again,  from  a  fliced  potatoe  weighing  two 
ounces,  two  pennyweights,  twelve  grains,  expoied 
to  the.  fun  from  the  24th  of  July,  in  a  jar  contain^ 
ing  1 1 5  ounces  of  rain  water,  I  took,  on  the  6th 
of  Auguft,  ten  ounce  meafures  of  air,  the  meafures 
of  the  teft,  with  two  equal  quantities  of  nitrous 
air,  being  0.58,  the  potatoes  quite  ibft  as  thofe 
above. 

Laftly, 


Laftlf,  from  fifteen  penn3nveights  of  boiled  pota* 
tds^  which  had  been  expofed  in  the  fun  a  long 
time^  in  a  rmall  receirer>  I  took  about  half  an 
ounce  meafure  of"  air,  a  fmali  proportion  of  which 
Was  fixed  air,  and  the  reft  phlogifticated  air.  This 
potatoc  was  never  green.  What  would  have  been 
the  refult  if  the  quantity  of  wat^r  had  been  greater, 
1  cannot  tell* 

From  three  dices  of  tamtpi  expofed  to  the  fun  in 
a  veffel  containing  ninety  ounces  of  watery  I  took 
nine  ounce  mealures  of  air,  fo  piire  that,  with  two 
equal  quantities  of  nitrous  air^  the  meafures  of  tha 
reft  were  0.75* 

Nothing  I  ever  tried  was,  in  general^  itiore  un- 
favourable to  the  produdtion  of  pure  air  than  onions^ 
It  was  only  by  ufing  a  very  fmall  quantity  of  them, 
and  by  expofing  them  to  the  iun  in  a  very  large 
quantity  of  water,  that  I  fucceeded  to  make  it  ad- 
tnitthe  green  matter*  At  length,  however,  from 
five  pennyweights  and  a  half  of  onion,  ejqjofed  to 
the  fun  in  a  jar  containing  loo  ounces  of  watei^ 
from  the  6  th  of  Auguft  to  the  3ifti  1  got  (Ix  ounct 
meafures  of  air,  not  in  the  leaft  inflammable,  «id  fo 
pure  that,  with  two  equal  quantities  ofmtrous  air, 
the  meafures  of  the  tcft  were  i.l.  At  the  fkme~ 
time  I  had  expofed  thirteen  pennj?t>eights>  twenty 
three  grains  of  the  fame  onions  in  a  j^r  containing 
three  ounces  and  a  half  of  water,  and  on  the  9th  of 
Vot.  IIL  r  Oaober 
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O£tober  following  I  took  of  it  a  little  more  than 
half  an  ounce  meafurc  of  air,  all  of  which  was 
phlogifticated.  '  It  extinguiihed  a  candle,  and  was 
not  at  all  afFeftcd  by  nitrous  air.  There  had  been 
twice  as  much  air  in  the  veffcl  a  month  or  fix  weeks 
before,  and  then  it  was  probably  mflammable. 


SECTION      X. 

Of  the  ProduHim  of  Jit  hy  Means  of  the  Green  Mat^ 

ter  from  jinimal  Subjiances. 

ANIMAL  fubftances  were  not,  upon  the 
whole,  more  favourable  to  the  growth  of  this 
green  vegetable  matter,  and  the  produdion  of  pure 
air  from  it,  than  vegetables  i  and  difierent  kinds  of 
animal  fubftances  exhibited  as  great  differences  in 
this  relpefl:. 

One  of  the  firft  and  moft  remarkable  appearances 
that  I  had  of  t^  kind  occurred  in  fbme  experiments 
that  I  was  njaking  with^^^f.  It  fhews  how  readily 
the  feeds  of  this  aquatic  vegetable  find  their  proper 

pabulum^ 
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pabulum,  notwithftanding  a  great  mafs  of  water  be 
in  their  way  to  it. 

Oh  the  1 3th  of  June  I  put  three  very  fmall  fiflies 
into  a  jar  containing  200  ounces  of  rain  water,  in^ 
verted  in  a  bafbn  of  the  fame,  when  there  was  pre- 
lently  a  thin  filmy  fubftance  peeled  off  from  all  the 
furface  of  the  fifhes.  After  this  a  red  matter,  I 
ilippofe  diflblved  blood,  iffued  from  them,  and  was* 
difiufed  throiigh  the  whole  mafs  of  water,  making 
it  very  turbid.  About  the  23d  of  June  the  red 
matter  became,  as  it  were,  green,  the  green  vege-- 
table  fubftance  adhering  to  it  i  and  on  the  26th  the 
whole  mafs  of  water  was  exceedingly  green,  and 
quite  opake  s  but  thedenfeld  part  of  the  green  mat- 
ter adhered  to  the  fifhes  themlelves,  which  always 
iwam  on  the. top: of  the  jar.  I  did  not  examine 
this  air  till  the  15th  of  July,  when  I  found  four- 
ounce  meafures  of  it,  and  tolerably  pure,  but  not 
fo  much  fo,  I  am  perfuaded,  as  I  fhouM  have 
found  it  fbme  time  before.  With  two  equal  quan- 
tides  of  nitrous  air,  the  meafures  of  the  tefl  were 
1.24. 

A  quantity  of  hefcxpokd  to  the  fun  in  a  veflel 
of  water  fbon  became  green, .  and  yielded  air }  but 
prefently  the  green  matter,  which  had  been  difiufed 
through  the  whole  mafs  of  water,  became  yellow, 
or  white  ;  and  from  that  time  no  more  air  was  pro- 
duced.   The  flefh  was  putrid  and  offenfive.    The 

Y  2  green 
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green  vegetable,  I  doubt  not»  was  quite  de^dj 
through  the  extreme  putridity  of  the  flefh,  and  the 
foulnefs  of  the  water,  whiqji  it  had  not  been  able  to 
purify. 

To  try  the  difference  between  the  cffedts  of 
Hghi  and  darknefs  with  an  animal  fubftance,  as  I  had 
done  before  with  vegetables,  on  the  17th  of  July, 
I  put  eight  pennyweights,  ten  grains,^  of  roafted 
l^eef  into  a  vefiel  containing  about  thirty  ounces  of 
water,  and  placed  it  in  the  fun,  and  an  equal  re« 
ceiver,  with  an  equal  quantity  of  the  fitme  beef  in  a 
dark  room.  On  the  twentieth  I  perceived  no  ap- 
pearance that  ilruck  me,  but  on  the  aifl:  in  die 
evening,  I  found  the  fiefh  in  the  fun  quite  green^ 
and  two  or  three  ounce  meafures  of  air  were  gene** 
rated'!  butthewaoer  in  the  dark  room  continued 
quite  tranfparent,  and  in  every  re^ft  that  I  could 
perceive,  unchanged 

On  the  a6th  the  green  colour  of  the  flefh  and  of 
the  water  in  the  fun  began  to  difappear,  and  the 
^effid  had  a  cloudy  appearance.  Soon  9&tr  I  c»u< 
mined  the  air,  and  found  eight  ounce  meafiireSf 
very  pure,  the  flefh  foft  aiyi  putrid,  but  ftiU  green 
on  its  upper  furface.  The  jar,  which  had  been 
placed  in  the  dark  never  had  any  air,  nor  was  any 
produced  from  it  afterwards,  when  it  was  rtnuoved 
into  the  fun* 


Qa 
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On  the  17th  of  Auguft  1  expofed  in  the  fun,  in 
A  large  retort  of  rain  water,  three  pennyweights,  fix 
grains  of  roafted  beef,  the  neck  of  the  retort  being 
plunged  in  water  nine  inches  deep  in  a  jar  that  near- 
ly fitted  it,  and  moreover  clofed  with  a  cork,  in 
which  Was  a  'very  fmall  perforation,  ib  as  to  give 
it  as  little  communication  with  the  external  air  as 
poffible. 

On  the  9th  of  September  I  took  from  it  two 
thirds  of  an  ounce  meafure  of  air,  all  inflammable. 
The  flcfti  had  never  turned  green.  During  the 
fanne  time  I  had  expo(ed  eight  pennyweights,  fix 
grains,  of  the  fame  beef  in  a  jar  containing  two 
hundred  ounces  of  pump  water,  which  had  turried 
green,  and  yielded  dephlogifticated  ain  In  the  fbr^ 
mer  cafe  the  beef  was  more  in  proportion  to  the 
quantity  of  water,  and  had  alfo  a  very  obftru6ted 
communication  with  the  external  air,  fixsm  which 
adone  the  feeds  of  this  gr/:en  veg^ble  could  come. 

This  procefs  with  a  fmall  quantity  of  veal  was 
very  remarkable,  as  this  iubftance  continued  to  be 
green,  and  give  air,  till  every  thing  in  it  that  could 
be  ofFenfive  was  quite  exhaufted 

On  the  28  th  of  June  I  put  fourteen  pennyweights 
of  boiled  veal  into  a  large  jar  of  rain  water,  and  on 
the  third  of  July  bodi  the  upper  part  of  the  veal, 
and%aU  the  water,  was  quite  green.  On  the  fourth 
of  July  I  took^out  half  of  the  veal,  and  examining 

Y  3  the 
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the  air,  I  found  it  to  be  nine  ounce  meafures,  no 
part  fixed  air,  and  fo  pure  that,  with  two  equal 
quantities  of  nitrous  air,  the  nieaiures  of  the  teft 
were  o,  8  *i.    The  water  was  ftill  very  green. 

Part  of  this  veal,  which  was  then  quite  foft,  I 
replaced  in  a  jar  of  frefti  water,  putting  the  remsun- 
der  of  it  into  a  fmall  jar.  This  never  gave  any  air 
at  all.  But  on  the  1 8  th  day  of  July,  the  water  in 
the  large  jar  was  all  very  green,  and  in  two  days 
yielded  five  or  fix  ounce  meafures  of  ain  A  litdc 
time  after  I  examined  it,  and  found  twelve  ounce 
meafures,  fo  pure  that,  with  two  equal  quantities 
of  nitrous  air,  the  meafures  of  the  tefl  were  0,57. 
The  flefh  had  no  coherence,  and  fliU  was  offenfivc ; 
but  on  the  29th  of  July  I  took  from  it  four  ounces 
of  air  equaUy  pure  with  the  former,  and  on  the  fix-* 
teenth  of  Augufl  half  an  ounce  more,  and  then  the 
jar  had  nothing  oSenfive  in  it. 

The  procefs  with  a  roafled  tendon  of  a  calTs  neck 
went  on  jufl  as  the  above,  with  this  difference,  which 
I  thought  to  be  a  litde  remarkable,  that  all  the 
water  was  of  a  reddifh  hue  before  it  became  green, 
though  there  was  np  blood,  or  any  thing  red,  in  or 
about  the  tendon.  The  air  which  it  yielded  after- 
wards was  very  pure. 

Perhaps  the  moil  fatisfaftory  experiments  that 
can  be  made  with  refpeft  to  the  produdion  of  pure 
air,  by  means  of  this  green  vegetable  fubfbnce,  the 

pabulum 
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pabulum  that  putrefadion  affords  it,  the  efFeft  of 
light  upon  it,  and  again  the  influence  of  putrefaction 
to  dcftroy  that  air,  were  fomc  that  I  made  widi  a 
mou/ey  which  I  always  found  moft  cfFeftual  for  any 
purpofe  in  which  putrefedion  was  required,  far 
more  fo  than  pieces  of  folid  meat  of  any  kind. 

On  the  2ift  of  June  I  put  a  dead  moufe  into  a 
jar  containing  two  hundred  ounces  of  water,  in- 
verted in  a  bafon  of  the  fame,  which  I  placed  in 
the  din.  At  the  fame  time  I  put  another  moule 
into  a  jar  of  the  fame  (ize,  filled  with  the  fame  wa- 
ter, and  placed  it  in  the  dark.  In  this  veflel  the 
water  was  never  difcoloured,  and  very  little  air  was 
produced  i  whereas  from  the  moufe  in  the  fun,  there 
prefendy  iflued  a  quantity  of  white  mucous  fub- 
ftance,  which  foon  turned  to  an  intenfe  green,  and 
yielded  air  moft  copioufly.  After  fome  time  the 
whole  jar  was  ftiU  of  this  thick  green  matter,  and 
air  rofe  from  every  part  of  it  j  but  it  was  deftroy- 
ed  as  foon  as  it  approached  the  upper  part  of  the 
jar,  where  the  dead  moufe  floated,  owing  no 
doubt  to  the  phlogiftic  matter  which  iflued  from  it. 

In  order  to  verify  this,  I  threw  out  the  moufe, 
and  dividing  the  turbid  green  water  into  two  parts, 
I  put  one  half  of  it  into  a  retort  expofed  to  the  fun, 
and  the  other  into  an  equal  retort  which  I  placed  in 
the  dark.    The  water  in  the  fun  prefendy  yielded  • 

Y  4  per- 
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permanent  air,  highly  dephlogifliGated }  whereaa 
that  in  the  dark  gave  not  a  fingle  bubble,  but  whet) 
}  foon  afterwards  brought  it  into  the  fun,  it  yielded 
air  like  the  other. 

The  preceding  experiments  being  made  chiefly 
with  the  mufptlar  parts  of  animals,  I  had  the  curio-* 
fity  to  try  what  difference  would  be  made  with  the 
other  parts  of  the  fyftem,  and  fome  of  the  fecre- 
tions  i  but  I  was  contented  with  a  few  articles  under 
this  clafs,  as  the  extenfion  of  ^e  experiments  to  all 
parts  of  the  animal  fyftem  would  have  been  tcdipus^ 
and  did  not  feem  xo  promife  much  advantage. 

By  means  of  a  quantity  of  the  irain  of  a  iheep, 
and  alfo  of  the  ImgSy  and  of  the  Ipver,  I  procured  a 
very  confiderable  quantity  of  very  pure  air,  the  pro- 
cefs  with  each  of  tbefe  being  exa^kly  like  t1io|e  which 
have  been  already  defcribed,  and  therefore  not  re^ 
quiring  to  be  repeated,  x  Thcfc  fubftance^  immerfed 
in  rain  water  were  prefendy  covered  with  the  green 
vegetable  matter,  which  was  alfo  diiSufed  through 
the  whok  body  of  the  water,  and  the  produce  of  air 
from  it  was  very  co{»ous. 

The  experiments  I  n»de  wieh  hh^d^fai^  gaU^  and 
ffonrf  had  diffident  refults. 

Eighteen  pennyweights  of  the  craflamentum  of 
flieep's  hkod^  was  cxpofed  to  the  fun  in  a  jar  of  rain 
W»(er^  (lontaining  two  hundred  oynccs ;  but  it  wa^ 

always 
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jdways  red,  and  never  yielded  more  than  in  ounce 
meafure  of  air^  the  whole  of  which  was  phk)gifti« 
cated. 

No  air  at  all  was  produced  from  a  fmall  piece  of 
fat  muttony  expofed  in  the  fame  manner  ttn  days, 
nor  from  water  which  had  a  fmall  quantity  of  mut* 
ton  gravy  in  it 

•About  half  an  ounce  of  fheep's  gall  was  expoied, 
together  with  the  gall-bladder  in  whidi  it  was  con- 
tained, on  the  ^fth  of  July,  in  a  vefftl  containing 
<wo  hundred  ounces  of  water,  i  which  in  a  few  days 
was  green^  and  produced  airs  but  before  the  i6th 
of  Auguft  it  was  almoft  all  abfbrbed,  and  fome 
time  after  was  wholly  fo.  Gall,  being  a  very  pu^ 
trefcem  fubftance,  might  ad  as  the  moufe  in  the 

« 

experiment  recited  above  s  io  that  perhaps  with  a 
kfs  quantity  of  gall,  or  by  withdrawing  it  in  time, 
I  might  have  fucceeded  better. 

It  is  impoilible  not  to  obferve  from  thefe  experi^ 
ments,  the  admirable  provifion  there  is  in  naturr^ 
to  prevent,  or  lefien,  the  fatal  efFe£ts  of  putrefaction^ 
efpecially  in  hot  countries,  where  the  rays  of  the 
fun  are  the  moft  dired,  and  the  heat  the  moft  in- 
tenfe*  For  whereas  animal  and  vegetable  ful> 
ftances,  by  fimply  putrefying,  would  neceflarily 
taint  great  mafles  of  air,  and  render  it  whoHy  unfit 
for  reipiration;^  the  fame  fubfbuices  putrefying  in 

water. 
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water^  fupply  a  mod  abundant  pabulum  for  this 
wonderful  v^table  fubftance,  the  feeds  of  which 
appear  to  be  in  all  places  dilperfed  invilibly  through 
the  Itmofphere,  and  capable^  at  all  leafons  of  the 
year^  of  taking  root,  and  immediately  propagating 
themlelves  to  the  greateft  extent.  By  this  means^ 
inftead  of  the  air  being  corrupted,  a  vaft  addition  of 
the  pureft  air  is  continually  thrown  into  it. 

By  this  means  alfo  (bgnated  waters  are  rendered 
much  leis  of&nfiVe  and  unwholeibme  than  they 
would  otherwife  be.  That  froth  which  we  alfo  fee 
on  the  furface  of  fuch  waters,  and  which  is  apt  to 
create  dilguft,  generally  confifb  of  the  pureft  de- 
phlogifticated  air,  fupplied  by  aquatic  plants  which 
always  gmw  in  the  greateft  abundance,  and  fk)uri(h 
moft,  in  water  that  abounds  with  putrid  matter. 
When  the  fun  fhines  thefe  plants  tnay  alfo  be  feen 
to  emit  great  quantities  of  pure  air. 

Even  where  animal  and  vegetable  fubftances 
putrefy  in  air^  as  they  have  fome  moifture  in  them, 
various  other  plants,  in  the  form  of  «r(?A/,  &c.  find 
a  proper  nutriment  in  them,  and  by  converting  a 
confiderable  part  of  the  phlogiftic  effluvium  into 
their  own  nutriment,  arreft  it  in  its  progrefs  to  cor- 
rupt the  furrounding  atmofphere.  So  wonderfully 
is  every  part  of  the  fyftem  of  nature  fornied,  that 
j^od  never  &ils  to  arife  out  of  all  the  evils  to  which, 

in 
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in  confcquence  of  general  laws/moft  Beneficial  to 
the  whole,  it  is  neceflarily  iubjeft.  It  is  hardly 
poffible  for  a  perfbn  of  a  fjpeculative  turn  not  to 
perceive,  and  admire,  this  moft  wonderful  and  ex*- 
cellent  provifion. 


SECTION     XL 

Of  the  Property  of  the  Willow  Plant  to  ab/orb  Air. 

OF  the  various  plants  on  which  I  made  experi- 
ments in  the  courfe  of  the  fummer  of  1777,  I 
met  with  one  which  had  the  remarkable  quality  of 
abfbrbing  a  great  proportion  of  any  kind  of  air  to 
which  I  expofed  it.  It  is  the  epikbium  birjutum  of 
Linnaeus,  in  Englifti  the  willow  plants  and  it  grows 
beft  in  the  water  of  marftiy  ground.  The  method 
in  which  I  made  the  experiments  was  by  fixing  the 
jar  of  air  with  its  mouth  in  the  water  in  which  the 
plant  grew,  keeping  it  upright,  by  faftcning  it  to 
a  ftick  fixed  in  the  bottom  of  the  pool,  then  bend- 
ing the  plant  under  the  water,  and  introducing  the 

top  of  it  into  the  infide  of  the  jar. 

I  pre- 
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I  prefently  found  that  the  common  air  to  which 
it  was  expofed  in  this  manner  was  cohfiderably 
diminifhed>  and  rendered  noxious )  but  having  neg^ 
ledted  one  of  thefe  jars  for  about  a  week,  I  was  fur- 
prized  to  find  that  near  one  half  of  the.  whole 
quantity  of  air  was  abfbrbed,  the  water  having  rifen 
fb  far  within  the  jar :  whereas,  in  general,  the  di- 
minution of  air  occafioned  by  what  I  fuppofe  to  be 
mere  phlogifton,  as  in  the  procefs  of  iron  filings 
and  fulphur,  or  the  calcination  of  metals,  &c.  does 
not  exceed  one  fourth  of  the  whole,  Suppofing,' 
however,  that  I  might  not  have  taken  fufficient 
notice  of  the  quantity  of  air  ori^ally  contained  in 
the  jar,  I  repeated  the  experiment  in  a  jar  about 
ten  inches  long,  and  one  in  diameter,  and  found, 
after  fome  time,  that  the  diminution  went  unquef- 
donably  beyond  one  fourth  of  the  whde  \  and  then, 
to  profecute  the  experiment  farther,  I  introduced 
other  plants  of  this  kind  into  jai-s  about  nine  inches 
in  length,  and  two  inches  and  a  quarter  in  diameter, 
one  of  them  filled  with  inflammable,  and  the  other 
tvith  nitrous  air. 

After  about  a  fortnight,  I  noted  the  flate  of  thefe 
plants,  and  of  the  air  to  which  they  were  expofed, 
and  found  them  to  be  as  follows.  The  plant  which 
had  been  expofed  to  common  air,  in  the  jar  about 
ten  inches  long  and  one  inch  wide,  and  which  had 
been^  in  all^  about  a  month  in  that  fituation^  had 

abforbed 
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abforbed  fevcn  eighths  of  the  air  in  the  jan  Th© 
plant  was  quite  yellow  and  deadj  but  though  it  hsA 
been  fp  for  fome  tim6>  it  had  ftiU  continued  to  ab- 
ibrb  the  ain 

The  plant  which  had  been  tsionflned  only  about  a 
fortnight,  in  one  of  the  larger  jars  of  common  air, 
was  quite  green,  and  had  confumed  three  fourths 
of  it. 

.  The  plant  in  a  jar  of  the  fame  fize>  containing 
inBammable  air,  had  confumed  one  third  of  it>  and 
part  of  the  remainder  (which  I  drew  from  it)  wa3j 
£0  all  appearance,  aa  inflammable  as  ever  it  had 
been.    The  plant  was  green. 

The  plant  in  the  nitrous  air  was  yellow  and  deadj 
and  had  corifuihed  ose  t;)iird  of  its  air. 

In  this  ftate  I  was  obliged  to  leave  thefe  plantsi 
and  to  fuQ)end  all  my  other  experiments  on  plants 
by  my  journey  to  the  fea  fide ;  but  I  had  accounts 
fent  me  df  the  ftate  of  them  &om  time  to  time,  by 
which  it  appeared^ .  that  thie:  air  continued  to  dimi** 
nifh  dU  the  connmon  air  in  the  narrow  jar  was  only 
one  tenth  of  iis  original '  quantity,  the  inflammable 
air  was  reduced  to  one  feventh  of  the  whok;  and 
the  air  in  the  other  jars  was  diminiihed  in  about 
the  fame  proportion.  But  at  length>  the  fummer 
being  very  dry,  the  water  feiled,  and  the  common 
air,  of  courfe,  got  into  the  jars«  I  regret,  particu« 
larly,  diat  I  had  no  opportunity  of  examining  the 

ftate 
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ftate.  of  the  inflammable  sur  in  the  lafl:  ftage  of  its 
diminution. 

Finding  this  plant  to  abforb  fo  much  air,  I  was 
defirous  of  knowing  what  became  of  it,  whether  it 
was  incorporated  in  the  fubftanoe  of  the  plant,  or 
was  merely  ftraincd  through  it.  For  this  purpofe 
I  put  the  root  of  one  of  the  plants,  with  all  the 
earth  that  adhered  to  it,  into  a  jar ;  and  bending 
the  plant  a  litde,  placed  the  jar  in  fuch  a  manner, 
as  that  the  mouth  of  it  was  jufl  immerfed  in  a  pan 
of  water,  and  the  plant,  though  in  an  aukward  fitu- 
ation,  grew  pretty  well;  the  upper  part  being  fiip- 
ported,  and  alio  turning  upwards  6f  idelf^  by  its 
natural  growth.  . 

Some  air  was  certainly  ftrained  through  this 
plant;  but  much  lefs  than  I  had  expedted,  con« 
fidering  the  quandty  that  I  fuppoied  it  would  hare 
abfbrbed  in  the  fame  dme,  at  leaft  if  it  had  grown 
freely  in  its  natural  fituation.  The  air  which  I  col- 
le£ted  in  this  manner  was  almoil  intirely  phlogifti- 
dated,  as  was  always  that  which  remained  of  the 
common  air  that;  the  plant  had  abfbrbed. 

To  try  whether  the  plant  would  afhially  abforb 
air  in  the  (ituadon  above  defcribed,  when  the  root 
was  confined  in  a  jar  of  water,  I  gave  it  another 
bend  near  the  top,  and  placed  a  jar  of  common  air 
over  it,  ftanding  in  another  veffel  of  water ;  but 
the  plant  would  not  bear  fo  much  torture,  and 

X  though 
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though  it  did  not  die  immediately,  it  decayed  gra- 
dually, and  the  experiment  had  no  effedt. 

It  will  certainly  be  well  worth  while  to  compare 
all  the  circumftances  in  which  air  is  ahjorbed^  as 
well  as  thofe  in  which  it  is  merely  dtminijhed  to  a 
certain  degree,  in  order  to  afcertain  the  circum- 
ftances that  are  common  to  all  the  cafes,  and  there- 
by difcover  the  proper  caufe  of  this  remarkable 
phenomenon.  Water,  and  many  other  fluids,  have 
this  property  in  fome  degree,  as  has  long  been 
known  to  natural  philofophers,  who  did  not  give 
much  attention  to  the  quality ^  or  chemical  properties 
of  air.  I  difcovered  it  in  a  ftill  greater  degree  in 
oil  of  turpentine.  And  that  excellent  philofopher 
the  Abbe  Fontana  has  difcovered  it  in  a  much 
greater  degree  ftill  in  charcoaL  This  plant,  how- 
ever, feems  to  poflefs  die  fame  property  in  as  great 
a  degree  as  charcoal.  It  only  requires  more  time 
to  produce  its  eflfeft.  At  another  opportunity  I 
propofe  to  examine  this  matter  a  litdc  farther.  At 
prcfent,  no  conjedhire  occurs  to  me  that  I  think 
worth  communicating  to  the  public. 


SEC 
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SECTION     XIL 

I 

Ofth$  Grmtb  (f  the  fViUow  Plant  in  different  Kiiub 

of  Mr. 


IN  the  1^  fe£tion  I  obferved  that  thcT  Willow 
plant  grew  very  well  both  in  inBamniable  and  id 
common  air^  and  that  it  absorbed  a  €x>n(lderable 
proportion  of  both  the  kinds,  as  Well  as  oi  nitroias 
air^  In  this  there  could  not  pofllbly  be  any  mis- 
take, unlefs  we  fuppofe  the  water  to  have  abforbed 
d)e  air,  which  it  has  nevpr  been  known  to  do  in 
any  iimilar  circumftances.  However,  when  I  re- 
fumed  the  experiments  on  the  growth  of  this  plant  io 
the  courfe  of  the  fummer  of  1778, 1  had  no  inftancc 
of  the  abforption  of  common  air  \  but  I  had  re* 
peated,  and  very  extraordinary  ones  of  the  abfbrp^ 
tion  of  inflammable  air  by  it,  and  the  plant  flourifh-^ 
ed  fo  remarkably  in  this  air,  that  it  may  be  iaid 
to  feed  upon  it  with  great  avidity4  This  procefi 
terminates  in  the  change  of  what  remains  of  the 
inflammable  air  into  phlogifticated  air,  and  fome- 
times  into  a  fpecies  of  air  as  good  as  common  air^ 
or  even  better  \  fo  that  it  mufl:  be  the  inflammabk 

principle 
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principk  in  the  air  that  the  plant  takes^  converting 
it^  no  doubt,  into  its  proper  nourifliment. 

Some  other  plants  alio,  as  comfrey  and  duck  weed^ 
I  obierved  to  thrive  very  well  in  inflammaUe  air, 
and  to  produce  a  fimilar  efieft  upon  it,  though,  as 
I  obierved  in  my  firft  publication  on  the  futgeft  of 
air,  and  upon  other  occaiions  iince,  mint  does  not 
thrive  fo  well  in  this  as  in  cemoon  sur,  and  I  have 
generally  found  that,  in  dme,^  dm.  plant  is  killed 
by  it. 

It  may  deierve  to  be  mentioned  in  diis  con- 
nexion, that  the  wiUow  plant  grows  beft  in  marihy 
places,  which  ^ibound  with  inflammable  air.  The 
plants  that  I  made  ufe  of  grew  in  the  bottom  of  a 
field,  in  and  hear  a  piece  of  water,  into  which,  if  I 
Only  thruit  a  ilick,  a  prodigious  quantity  of  inflam- 
mable air  ruihed  out,  fo  that,  without  chan^g  my 
^ace,  I  could,  at  any  time,  colle^fc  a  large  receiver 
full  of  it  I  and  bubbles  of  air  were  very  freqtiendy 
fifing  ipontaneouily  from  the  mixl  at  the  bottom. 
It  may  therefore  be  a  proviiion  in  nature,  that  this 
noxious  kind  of  air  ihould  be  fitted  to  the  nouriih- 
ment  of  fuch  plants  as  grow  befl;  in  thoie  places  in 
which  it  abounds,  as  weU  as  that  |dants  in  general 
ihoukl  purify  the  common  atmoiphere. 

The  fa£b  from  which  theie  conclufions  are  drawn, 
as  well  as  Ibme  farther  obfervarions  on  die  ilitjefb, 
are  die  following,  in  the  recital  of  which  it  Will  be 

Vol,  hi.  Z  ne^eiTary 
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neceflary  to  mention  the  month  and  the  day  on 
which  the  obfervaaons  were  made^  as  they  have  a 
connexion  with  the  Hate  of  the  plant,  and  probably 
with  its  power  of  aftion  on  air. 

On  the  26th  of  May,  1779,  I  put  ajar  of  about 
twenty  ounce  meafures  of  air  over  a  willow  plan^ 
growing  in  water,  and  on  the  firft.  of  June  I  ob- 
fcrved  that  the  air  was  little  diminifhed  in  quantity^ 
or  afFefted  in  quality ;  for  by  the  teft  of  nitrous  air 
the  meafures  were  1.33 ;  that  is,  when  one  mea- 
fure  of  nitrous  air  was  mixed  with  one  meafure  of 
this  air,  they  occupied  the  fpace  of  1.33  meafures*. 
The  plant  continuing  to  grow,  I  examined  it  on 
the  5th  of  June,  when  the  meafures  were  1,3,  and 
thofe  of  the  common  air  at  the  fame  time,  I  ob- 
ferved,  were  1.26.  This  flight  degree  of  injury 
I  imputed  to  fome  black  leaves,  which  were  then 
about  the  plant.  On  the  8  th  of  the  fame  months 
the  meafures  were  1.36,'arid  on  the  15th  they  were 
1.4;  and  there  was  ftill  no  more  profpedt  of  the 
air  being  abforbed  than  before.  This  I  thought 
very  extraordinary,  as  in  the  preceding  fummer  I 
had  always  found,  take  what  care  I  could,  that  thefe 
plants  injured  common  air,  and  at  leaft  diminifhed- 
it  in  the  ufual  degree  of  one  fourth,  if  they  did  not 
abforb-  more  of  it. 

In  inflammable  air,  the  refults  were  coniiftent. 
with  the  preceding  obfervations,  and  uniform  with. 

them- 
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themfelvcs.  But  the  year  before  I  had  no  oppor- 
tunity of  purfuing  thefe  obfervations  to  the  extent  '  ' 
that  I  wifhed^  fo  that  I  could  not  tell  in  what  ilate 
the  plants  would  finally  leave  the  air ;  whereas  now 
I  had  fufficient  time  fiilly  to  fatisfy  my  curiofity  in 
this  refpeA. 

On  the  1 8th  of  May  I  introduced  one  of  theft 
plants,  growing  in  water^  under  a  jar  of  ftrong  in«- 
flammable  air,  and  the  3d  of  June  following,  I 
found  that  it  was  diminifhed  about  one  third.  £x« 
amining  it,  I  found  it  was  but  weakly  mflammable. 
This  plant  had  not  room^  to  expand  itfelf,  but  ftill 
it  lived  very  well.  Oathe  31ft  of  the  feme  month, 
there  was  no  more  than  one  thir4  of  the  air  re- 
mainbg  in  the  jar,  and  it  was  ftill  (lightly  inflam- 
mable. Owing  to  fome  accident  or  other,  the 
plant  had  been  dead  about  a  week,  after  which  time 
I  obferved  that  the  air  had  ceafed  to  be  dimi- 
nifhed. 

I  then  introduced  another  plant  into  what  remain- 
ed of  the  air,  and  on  the  5  ih  of  June  it  was  re- 
duced one  third  more,  and  then  I  could  not  per- 
ceive that  there  was  any  thing  inflammable  in  it.  It 
was  alio  a  good  deal  dephlogifticated ;  for  with  two 
equal  quantities  of  nitrous  air,  the  meafures  of  the  ^ 
tcft  were  1.6,  fo  that,  upon  the  whole,  the  growth 
pf  this  plant  in  this  kind  of  air  had  the  fame  efFe£t 
upon  it  as  agitation  in  water  would  have  had,  viz. 

Z  2  diminifhing 
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cHminiihing  it,  depriving  it  of  its  inflammabilitjr, 
and  rendering  it  in  (bme  meafiire  re^irable. 

I  had  another  refult  exactly  corre^nding  with 
this.  For  on  the  9th  of  Jime  I  examined  a  qtian* 
tity  of  mflammable  air,  in  which  a  willow  plant  had 
grown  from  the  26th  of  May ;  but  in  this  cafe  not 
more  than  aE>oiit  half  the  quantity  was  abibibed, 
but  part  of  the  remainder  fired  with  one  ezplofiont 
like  a  mixture  of  comi^oit  and  inflammable  airs 
and  applying  the  teil  of  nitrous  air,  the  meaiures 
were  1*4^1  which  is  about  that  (bate  of  air  in  which 
a  candle  juft  goes  out.  On  the  15th  of  June  an* 
other  quantity  of.  this  air>  ta  which  a  willow  plant 
had  grown  from  the  iame  time»  was  fired  in  the 
iame  manner^  and  the  meafures  of  the  teft  were 
1.44;  though  only  about  one  half  of  it  had  di£* 
appeared. 

Another  quantity  of  the  lame  kind  of  inflamma^ 
ble  air,  in  which  a  willow  plant  had  grown  the 
(amt  time»  was  reduced  to  one  fixdi  of  its  wig^nal 
quantity.  It  then  exploded  like  a  mixture  of  com- 
mon and  inflammable  air,  and  the  meafures  of  the 
tell  were  1.55.  It  was  examined  on  the  9th  of 
June.  On  the  1 5th  of  the  fame  month  it  was  di* 
minilhed  dill  more,  and  had  then  nothing  infiam*- 
mable  in  it,  but  the  purity  was  nearly  the  lame ; 
die  meafures  of  the  tell  being  i.54« 


In 


Sill.  XIT.  VECETATIOK.  34I 

In  all  the  experiments  that  I  made  of  this  kind»f 
the  quantitjr  of  air  abfbrbed  was  very  various,  de- 
pendii^  probably,  upon  the  health  of  the  plant, 
its  fize  in  proportion  to  that  of  the  jar,  and  other 
circumftances. 

On  the  24th  of  May  I  had  introduced  one  q£ 
thefe  plants  into  ^  jar  of  inflammable  air,  collefted 
from  the  nwih  near  which  I  had  gathered  it ;  and 
on  the  pdt  of  June  I  had  found  it  fo  far  diminiihed, 
that  litde  more  than  *one  ieventh  of  the  original 
quantity  remained.  This  was  merely  phlogifticated 
air ;  for  it  was  not  affc£ted  by  nitrous  air,  and  ex* 
cingdifhed  a  candle. 

On  die  15th  of  June,  I  found  diat  another  quan^ 
tity  of  the  lame  kind  of  inflammable  air,  in  which 
a  willow  plant  had  grown  from  the  fame  date,  Was 
not  dimimihed  near  fo  much ;  for  about  one  third 
of  the  orig^al  quantity  was  left.  This,  however^ 
was  pardy  inflammable,  the  flighteft  blue  flame 
imaginable  being  perceived  in  a  large  jax^  of  it 
When  I  applied  the  teft  of  nitrous  air,  the  oneafures 
were  i.6i» 

A  fign  of  the  great  vigour  of  the  plants  grow- 
ing in  inflammable  air^  was  the  vivid  greennefs  not 
only  of  the  leaves  that  were  in  the  air,  but  of  dio^ 
alfo  that  were  under  water,  and  the  length  of  time 
that  they  continued  fo  in  thefe  circumftances ; 
wbcreasi  in  ^neral^  when  the  top  of  the  plant  was 
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tn  common  air,  the  leaves  that  were  under  water 
foon  became  diicoloured,  and  perifhed.  Thefe 
leaves  on  the  contrary,  not  only  continued  green, 
but  were  always  loaded  with  air  bubbles,  which 
were  continually  detaching  themfelves,  and  rifing 
into  the  jar,  having  their."  places  fupplied  by  others. 
Thefe  bubbles,  I  had  no  doubt,  confifted  of  the  jur 
that  had  been  (trained,  as  it  were,  through  the  plant, 
leaving  its  phlogifton  behind,  for  the  nouriihment 
of  the  plant.  I  endeavoured  to  colle£t  a  quanuty 
of  thefe  bubbles,  before  they  mixed  with,  and  diluted, 
the  inflammable  air  in  the  top  of  the  jar,  but  I  did 
not  iucceed.  I  have  no  doubt  but  that  it  would 
have  been  dephfogifticated  air,  as  this  will  eafily 
account  fpr  the  Hate  in  which  I  found  this  air  in 
the  experiments  recited  above. 

It  was  doubtful,  however,  whether  thefe  bubbles 
confifted  of  air  that  had  been  imbibed  by  the  leaves, 
and  then  palled  through  a  confiderable  fpace  within 
the  fubftance  of  the  plant,  or  of  the  air  that  had 
been  contained  in  the  water,  to  which  thefe  leaves 
had  immediate  accefs.  The  latter  feems  more  pro- 
bable from  fome  experiments,  but  the  following 
are  nearly  decifive  in  &vour  of  the  other  fuppo- 
fition. 

I  put  the  ftallc  of  a  willow  plant  into  an  invert- 
ed jar  full  of  water,  while. the  top  of  it.w^  in. a 
jar  of  inflammable  air.    In  thefe  circumftaaces.  a 
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imall  qiiantity  of  air  was  colledled  in  the  inverted 
jar^  and  it  was  evidently  better  than  common  air. 
'This  air  I  had  obferved  to  come  from  all  the  out- 
fide  of  the  (talk,  but  -  efpecially  from  the  places 
where  the  leaves  had  been  broken  off;  and  there* 
werei  fome  few  bubbles  fr6m  the  middle  of  the* 
place  where  the  ftalk  itfelf  had  been  cut,  for  it  had 
no  rooL 

- '  In  another  experiment  of  this  kind;  when  the 
plant  had  been  in  die  fituation  above  de(cribed> 
from  the  i  ith  to  the  14th  of  June,  three  fourths  of 
an  ounce  meafure  of  air  was  colledted  in  the  inverted 
jar,  fo  pure,  that  the  meafures  of  the  teft  were  0,63 1 
and  with  two  meafures  of  nitrous  air  1.5.  Apply-' 
\ng  the  flame-  of  a  candle  at  the  orifice  of  a  tube 
filled  with  it,  there  was  a  bud  explofion,  fo  that  it 
was  a  mixture  of  dephlogifticated  and  inflamma- 
ble air. 

On  the  1 9th  of  June,  I  colleded  half  an  idiince. 
meafbre  more  .from  the  fame  plants  and  apply- 
4i^  to  it  the  tefl  of  nitrous  air,  the  meafures  were 
0.9,  and  there  was  nothing  fenfibly  inflammable  in 
it.  Had  there,  been  nothing  inflammable  in  the 
the  ^r  colfe6bcd  in  the  inverted  jar,  containing  the. 
flalk  of  the  plant,  the  probability  would  have  been>- 
that  all  the  air  came  from  the  water,  dephlogifti- 
cated  by  the  a&ion  of  the  plant ;  but  the  mixture 
of  inflammable  air  in  itjeem3  to  prove  t^t  p^  of 
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i^  at  ka^  had  bcea  imbUbed  by,  aiK)  fti^m^^. 
through  the  plant,  entering  at  the  leaiyes  (which 
alone  were  e3q>offKl  to  the  inflamnnahtc  air)  and 
iiHiing  at  the  ftalk,  which  was  turned  \x^  into  tht 
other  jar  m  which  the  ^air  was  received.  This  fm« 
.^[ular  cafe,  for  it  is  the  only  refult  £  ever  had  of  the 
kind,  fliows  that  the  plant  had  taken  in  more  nou« 
riihment  than  it  couM  properly  digeft. 

This  plant  duiviiig  fo  reiyiarkaUy  well  in  ieflam- 
mabie  air,  and  depriving  it  of  its  inflamniabilityj 
I  thought  it  could  not  woft  &il  to  purify  phlp^fti- 
cated  air,  if  1  gave  proper  attendon  to  its  healdi 
arid  eafe  in  its  confined  fituation,  though  (perhaps 
through  want  of  this  attention)  it  had  failed  tx>  do 
lb  the  preceding  fummer ;  and  I  was  not  dt&pp0]iit«< 
ed  in  my  expedations  at  this  time; 

On  the  aid  of  June  I  introduced  ooe  of  thefe 
plants  into  a  jar  of  air  phlogifticated  by  the  putre« 
feAion  of  fiflies,  confined  by  rain  water,  in  which  I 
had  found  by  frequent  trials,  that  the  green  veget^ 
able  matter  was  not  fcMxi  generated;  and  oa  the 
l6di  of  the  fame  month,  itwasfb  much  inqvovtd, 
diat  the  meafurcs  of  the  teft  were  1.38,  which  is  a 
fictle  better  than  the  ftate  in  which  air  will  ]ufk  ex-« 
tingmfh  a  candle.  The  3d  of  July,  I  examined  it 
again,  and  then  the  meafures  were  1.3a,  and  on 
the  15th  of  the  fame  month,  it  was  exaffly  of  die 
ftandard  of  eommon  air.    ^he  water  by  which  if 

was 
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was  conBned  certainly  produced  no  air :  for  anodier 
j»  filled  with  water,  in  the  fame  trough,  and  there- 
fere  having  preciiely  the  fanac  expofurc  with  refpeft 
to  ligh^  and  all  other  circumftuces,  had  no  air  at 
all  in  it.'  A  very  little  air  waa  ftntined  through  tfaia 
plant,  and  it  Was  alnooft  thoroughly  phlogifiicated  i 
for  the  meafures  of  the  tell  were  1.7. 

Nitrous  air  I  have  always  found  to  be  fatal  to  ve- 
getable, as  well  as  to  aninial  life,  and  fo  it  proved  to 
this  inftance  i  as  indeed  it  bad  done  the  preceding 
fiimnier.  From  the  i^th  of  May  to  the  i8th  of 
June,  a  quandty  of  this  air  was  dintiiniflied  by  a  wU-^ 
low  plant  to  one  fourth,  and  then  it  was  fo  cbangedi 
that  it  admitted  a  candle  to  bum  in  it  with  a  gently 
blue  enlarged  flame  I  a  itate  which,  as  I  have 
obferved,  nitrous  air  generally  pafifes  through  bcs 
ibre  it  becomes  mere  phlogifticaced  air,  and 
which  appears  to  be  nitrous  air  partially  dephlo* 
gifticated 

Phlogifton  being  the  pabulum  of  plants^  as  it  is 
probably  of  animals  too,  dephlogifticated  air  muft 
(as  indeed  I  had  found  before)  be  unfavourable  tx> 
to  the  growth  of  plants  in  general ;  and  I  conilant* 
ly  found  it  to  be  foin  the  cafe  of  the  willow  plant 
To  give  it  the  fiurer  trial,  I  introd«K:ed  a  fmall,  but 
healthy  plant,  growing  in  the  marlh,  into  a  jar  of 
this  air,  fo  large  that  the  plant  was  not^n  the  kafi: 
incommoded,  and  it  did  not  reach  ch^  t(^  of  the 
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jar  by  fcvcral  inches.  This  was  done  the  1 8th  of 
May,  but  it  died  prelendy,  and  before  the  air  was 
ienfibly  diminifhed  \  which  was  the  eale  afterwards, 
owing,  probably,  to  the  putrefa£tion  of  the  plant. 
But  even  then,  being  examined  with  two  equal 
quanddes  of  nitrous  air,  the  nieafures  of  the  teft 
were  i.e. 

•  Having  filled  a  large  earthen  pot  widi  w^ter, 
ind  having  flicks  thruft  into  the  earth  quite  round 
%  for  the  eonveriience  of  Aliening  jars  with  their 
mouths  inverted  io  water,  in  order  to  fill  them  with 
difierent  kinds  of  air,  and  introduce  plants  into 
them,  without  the  trouble  of  going  to  the  marfh  in 
in  which  they  grew,  as  m  PI.  VI.  fig.  i ;  I  filled  one  of 
ihefe  jai3  with  dephlogifticated  air,  and  then  intro- 
duced the  topof  a  wilbw  plant  into  it.  In  a  day  or  two, 
all  thc^part  that  was  withip  the  jar  began  to  turn  white, 
and  was  fbon  after  manifefUy  quite  dead,  even  when 
many  Ihoots  of  the  fame  plant  that  were  under  wa- 
ter continued  green,  and  looked  well  a  confiderable 
time  afterwards.  The  air,  being  examined,  was 
found  to  be  very  little  injured.  I  thercfoic  think 
we  nnay  fafely  conclude,  that  dcphlogifticated  air 
is  univerfally  hurtful  to  plants  ;  and  this,  a  priori, 
would  be  an  argument  m  &vour  of  the  depuradon 
of  atmofphcrical  air  by  vegetation. 

Having  made  the  preceding  experiments  on  In- 
flammable air  with  the  willow  plant,  I  proceeded 

to 
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to  try  a  few  other  plants ;  and  without  giving  luch 
particular  attention  to  thefe  as  thofe  of  the  willow 
plant,  I  ibon  found  that  cmfreyy  which  is  hairy  like 
the  willow  plant,  and  grows  beil  in  the  lame  iitua* 
tion,  and  alfo  the  meadow  Jweet  grew  very  well  in 
inSammable  air*  So  alfo  did  duck-weed^  which 
was  always  remarkably  healthy,  and  of  a  deep  green 
colour,  a  certain  fign,  I  believe,  of  health  and  vi-» 
gour  in  plants  in  general ;  whereas,  in  dephlogilli- 
cated  air,  duck-weed  always  prefendy  became  pale^ 
and  died 
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EXPERIMENTS  AND  OBSERVATIONS  RELATING  TO 

RESPIRATION* 


SECTION      I. 

Qbfervatians  on  Regpiratm,  and  the  life  of  the  Bkod\ 

THERE  18,  perhaps,  no  fubjeft  in  phyfiology^ 
and  very  few  in  philofophy  in  general,  that 
has  engaged  more  attention  than  that  of  the  ufe-of 
risjpiration.  It  is  evident,  that  without  breadiing 
moft  animals  would  prefentTy  die  i  and  it  is  alio 

*  This  Sedion  ynA  a  pq)9r  prefented  to  the  Royal  Society, 
read  Jan.  25^  1776,  and  is  printed  in  the  ]^hilof<^>hical  Tteiiac* 
tlons,  VoL  LXVI,  p.  %%6n  It  will  be  perceiv«dthat  when  I  made 
the  experiments  recited  in  this  iediony  I  fuppofisd  the  phlogiftica- 
tion,  asleal]edit»  ofair,  to  be  the  cflcdof  phlogifton,  emitting 
^y  the  phlogilticating  fubftance>  and  that  I  had  no  idea  of  the  ab- 
forption  of  dephlo^iMcated  air^  which  was  the,  dilco?cry  of  Mr* 
{/avoifier. 
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well  knowiiy  that  the  fame  air  will  not  long  anfwer 
the  purpofc :  for  if  it  has  been  frequently  refpired, 
the  breathing  of  it  is  as  fatal  as  the  total  deprivation 
of  air.  But  by  what  property  it  is,  that  air  contri- 
butes to  the  fupport  of  animal  life  i  and  why  air 
that  has  been  much  breathed  will  no  more  anfwer 
die  purpofe,  leems  not  to  have  been  difcovered  by 
any  of  die  many  philofophcrs  and  phyficiaiis  who 
have  profeflcdly  written  upon  the  fubjcft;  and  it 
m^t  have  continued  to  ehide  all  £rea  inveftigation^ 
when  it  difcovered  itiel^  without  any  trouble  or 
thought,-  in  the  courfc  of  my  refearches  into  the 
properties  of  difierent  kinds  of  air,  which  had  at  firft 
quite  another  object* 

Inthefeexperimcntsit  clearly  appeared,  that  re* 
ipiration  is  apbhgifiu  procefs,  aiiedting  air  in  the  very 
lame  manner  as  every  other  phlogiflic  proceis  (viz* 
putrefa&ion,  the  eServefcence  of  iron  filings  and 
folphur,  or  the  calcination  of  metals,  &c.)  afiefts 
it ,  diminifhing  the  quantity  of  it  in  a  certain  pro- 
portion, kilening  its  fpecific  gravity,  and  rendering 
it  unfit  for  refpiration  or  inflammation,  but  leaving 
At  in  a  Hate  capable  of  being  reflrored  to  a  tolerable 
d^ree  of  purity  by  agitation  in  water,  &c.  Hav* 
itag  difcovered  this,  I  concluded  that  the  ufc  of  the 
lungs  is  1:0  carry  off  a  putrid  effluvium,  or  to  dif> 
charge  thbt  phtog^fton,  which  had  been  taken  into 

the 
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the  fyftem  with  the  aliment,  and  was  become,  as  it 
were,  effete '^  the  air  that  is  re(pired  ferving  as  a 
menjlruum  for  that  purpole. 

What  I  then  concluded  to  be  the  ufe  of  rg^4- 
tim  in  general,  I  have  now,  I  think,  proved  to  be 
efie£ted  by  means  of  the  bloody  in  confequence  of  its 
coming  fo  nearly  into  contadt  with  the  air  in  the 
lungs ;  die  Uood  appearing  to  be  a  fluid  wonder* 
fully  formed  to  imbibe,  and  part  with,  that  prin- 
ciple which  the  chemi(b  call  phlogifton,  and  chang- 
ing its  colour  in  confequeoce  of  being  charged,  with 
it,  or  being  freed  from  it ;  and  aSefbing  air  in  the 
very  fame  manner,  both  out  of  the  body  and  in  the 
lungs ;  and  ev^  notwithftanding  the  interpofition 
of  various  fubfbinces,  which  prevent  its  coming 
into  immediate  contact  with  the  air. 

As  it  may  not  be  unpleafing  or  unufeful,  I .  fhall, 
before  I  relate  my  own  experiments,  briefly  recite 
the  principal  of  the  opinions  which  have  been  held 
concerning  the  vfe  of  relpiration,  from  Halier's  ex- 
cellent j^j^^w  of  pbyjiology,  and  fome  other  of  the 
moft  eminent  writers  upon  that  fubjed. 

Hippocrates  reckoned  air  among  the  aHmenSs  of 
the  body.  But  it  was  more  generally  the  opinicm  of 
the  ancients,  that,  there  being  a  kind  of  vital  fin 
kq>t  up  m  the  heart,  the  heat  of  the  blood  was  tem- 
pered in  the  lungs.  Galen  alio  fuppoied,  that  there 
was  fomething  equivalent  to  a  fire  conftantty  kept 
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up  in  the  heart ;  and  that  the  chief  ufe  oF  the  lungs 
was  to  carry  off  (iich  vapours  as  were  equivalent  to 
fmoke  thrown  off  from  that  fire,  Haller,  Voh  II U 
p.  354.  Defcartes  maintained  the  fame  vital  fire 
in  the  heart,  fuppofing  that  air  was  neccflary  for 
cooling  and  condenling  the  blood.  Ibid.  p.  321. 
Of  the  more  modern  phyfiologifts,  fomc  have 

« 

thought  that  the  air  itfelf  is  taken  into  the  blood  $ 
others,  that  it  is  only  fomething  extrafted  from  the 
air,  as  the  more  fubtle  parts  of  that  fluid,  an  ether, 
or  aerial  nitre  ;  while  others  luppofe  it  to  be 
the  air  itfelf,  but  diffolved  in  water,  and  therefore 
in  an  unelaftic  ftate.  Und.  p.  321. 
.  Moft  of  thofe  who  think  that  air  is  taken  into  the 
blood,  fuppofe  it  to  be  taken  in  by  the  lungs,  ibid. 
p*  330.  Some  fuppofe,  that  the  efi^ft  of  the  ad- 
miflion  of  this  air  into  the  blood  is  a  fermentation^ 
p-  33^.  Others  fuppofe,  that  it  ai5b  by  its  ipring, 
preventing  the  too  dofe  contact  of  the  globules,  and 
thereby  preferving  its  fluidity,  intcftine  motion,  and 
heat,  ibid.  Bertier  fuppofed,  that  the  circuladon 
of  the  blood  was,  in  a  great  meafufe,  owing  to  the 
admifllon  of  air  into  it.  Van  Helmont  afcribed  the 
volatility  of  the  fixed  elements  in  the  food  to  this 
^^^y  P*  33^ »  ^d  Stevenfon  thought,  that  the  air 
which  had  circulated  in  the  blood,  and  which  had 
heated  the  blood  too  much,  was  exhaled  by  the 
lungs,  p.  355. 

Others 
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.  Others  (ay,  that  the  air  itielf  is  not  admitted  in- 
to die  blood,  but  only  fbme  aftive,  fpirituous,  and 
Sthereal  particles  ;  that  this  vital  fpirit  pa&s  from 
die  lungs  to  the  heart  and  arteries,  and  at  length  be* 
comes  the  animal  fpirits,  which  are  by  this  means 
generated  from  the  air,  p.  333*  Othfcrs,  who  do 
not  admit  that  the  animal  fpirits  are  derived  from 
die  air,  ftili  lay  chatlbme  other  vital  principle  comes 
from  thence.  This  vital  principle  Malpighius  fup- 
pofes  to  be  a  faline  vapour  ;  Lifter,  a  hot,  inflam- 
mable, fulphureous  fpirit;  Vietiflenius,  a  voladle 
acid  fait,  which  keeps  up  the  fermentation  of  the 
blood ;  and  Bryan  Robinfon,  the  aerial  acid,  which 
prcferves  the  blood  from  putrefaction ;  prefervet 
alfo  its  denfity,  and  ftrengthens  the  animal  fibres. 
For  this  reaibn  he  fuppoies  it  is  that  we  feel  ourfelves 
cefreflied  in  cold  air,  as  it  abounds  with  a  more 
plentiful  acid  quality,  p.  334.  They  who  fuppofe 
iKat  nitn^  is  taken  from  the  air  into  the  blood,  afcribc 
tb  diat  principle  its  fermentation,  its  heat,  and  its 
denfity,  p,  334. 

It  is  a  received  opinion,  that  one  ufe  of  the  lungs 
is  to  attenuate  the  blood,  p.  359  >  and  Malpighius 
adds,  that  by  this  means,  the  difierent  particles  of 
the  blood  become  thoroughly  mixed  together;  while 
others  think  that  -the  blood  is  condenfed  in  the 
lungs ;  and  others,  that  the  gbbules,  and  all  the 
finer  humours,    receive   their  conHguratioti  there, 

ibid^ 
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iHd.  Some,  wMiout  confidering  the  air  as  of  any 
otWr  ufe  thaft  to  ptit  the  lungs  in  motion,  think, 
tRat  heat  is  jproiltfceti  ih  the  King*  by  the  aftritiof^  of 
die  Wood  in  paflihg  through  them,  Mijc.  Taurih. 
Vd,  V.  p.  2^.  The  red  cold'ur  of  the  blood  hai 
been  thought  by  fonric  to  be  caufcd  by  this  attritiofr 
ft  the  Inngs  j  but  Lower  refuted  this  notion,  chltfly 
by  obfcrving,  that  the  attrition  of  the  blood  is  great- 
cfr  in  the  mufcles,  from  which,  however,  it  always 
^tufns  black,  ibid.  Vol.  !•  p.  74, 

Dr.  Whytt  thought  there  was  fomething  of  a  vital 
ind  Simulating  nature  derived  from  the  air.  into  the 
blood,  by  means  of  which  it  made  the  heart  to 
contraft,  Haller,  Vol.  III.  p.  23^* 

Boerhaavc  iays,  that  air  not  changed  is  deadly  5 
not  on  accoilnt  of  heat,  rarefraftion,  or  rfenfity,  but 
for  fomc  other  occult  caufe^  Mi/c.  Taurin.  Vol.  V. 
p.  30. 

Dr.  Hales,  who  has  thrown  much  more  light  up- 
on the  doftrin^  of  air  than  all  his  predfeceflbrs,  was 
eqjtially  ignorant  of  the  ufe  of  it  in  refpiration  -,  and 
it  different  thnes  feems  to  have  adopted  differeni 
opinions  concerning  it 

In  his  Statical  E/^Sy  Vol.  11.  p.  321,  he  fup- 
poles,  thjt  air  is  rendered  alkaline  by  breathing; 
tSnd  cofrc£fedy  Hi  fonfie  rheafure,  by  die  fumes  of 
vinegar.- 

Vol.  III.  A  a  In 
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In  agreement,  as  he  obferves,  with  Boerhaayc^ 
he  fays,  p.  lOO,  that  the  blood  acquires  its  warmth 
chiefly  in  the  lungs,  where  it  moves  with  much 
greater  rapidity  than  in  any  other  capillary  veilels  of 
the  body,  Vol  II.  p.  875  but  that  one  ule  of  the 
air  is  to  cool  the  blood,  p.  94  \  and  he  makes  an 
cftimate  of  the  degree  of  this  refrigeration.  The 
red  colour  of  the  globules  of  blood,  he  fays,  p.  88, 
intimates  their  abounding  with  fulphur,  which  makes 
them  more  fulceptible  and  retentive  of  heat  than 
thofe  bodies  which  have  lefs  of  it« 

He  atfb  fuppofes,  p.  io2>  that  another  great  uie 
of  the  lungs  is  to  attenuate  and  feparate  the  globules 
of  blood ;  and  that  the  floridnefs  of  the  arterial 
blood  above  the  venal  may,  in  a  good  meafure,  be 
owing  to  the  ftrong  agitation,  fridion,  and  commit 
nution,  which  it  undergoes  in  pafTing  through  them. 
In  like  manner,  in  an  experiment  which  he  made 
for  the  purpofe^  blood  much  agitated  in  a  dole  glafs 
veflel  was  obferved  to  be  very  florid,  not  only  on 
its  furface,  but  through  its  whole  fubilance,  as  arterial 
blood  is.  Vol.  IL  p.  102.  I  would obfervc,.  how- 
ever, that  in  this  experiment,  the  blood  muft  have 
acquired  its  florid  colour  from  the  air  with  which  it 
was  agitated. 

He  adds,  that  it  is  probable,  that  the  blood  may, 
in  the  lungs,  receive  fome  other  important  influence 

from 
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from  the  air,  which  is  in  liich  great  quantities  in- 
fpired  into  them.  In  other  places,  however,  he 
explodes  the  doArine  of  a  vivifying  Jpirit  in  the  ain 
It  has  long,  he  fays,  been  the  fubje<9:  of  inquiry  to 
many,  to  find  of  what  ule  it  is  in  rcfpir^tion  i  which, 
though  it  may  in  fome  refpefb  be  known,  yet  it 
muft  be  confeiled,  that  we  are  ftill  much  in  the 
daik  about  it,  Vol.  II.  p.  i02. 

Sufibcadon,  he  fays,  VoL  IL  p.  271,  confifts 
chiefly  in  the  falling  flat  of  the  lungs,  occafioned  by 
the  groflheis  of  the  panicles  of  a  thick  noxious  air, 
they  being,  in  that  floating  (late,  mod  ealily  attra£t- 
ed  by  each  other,  as  we  find  that  fulphur,  and  the 
claftic  repelling  particles  of  air  are ;  and  confequently 
unelaftic,  fulphureous,  faline,  and  other  floating 
parades,  will  molt  eafily  coalefce,  whereby  they  are 
rendered  too  grofs  to  enter  the  minute  veficles, 
which  are  alfo  much  contracted,  as  well  by  the  lofs 
of  the  elalticiiy  of  the  confined' air,  as  by  the  con- 
traftion  occafioned  by  the  itimulating  acid  fulphure- 
ous vapours.  And  hence  it  is  not  improbable,  that 
one  great  defign  of  nature  in  the  ftrudture  of  this 
important  and  wonderful  vifctUy  was  to  frame  the 
veficles  fo  very  minute,  thereby  effeftuaUy  to  hin- 
der the  ingrefs  of  grofs,  feculent  particles,  which 
might  be  injurious  to  the  animal  economy. 

Laitly,  he  concludes,  that  the  efFed  of  refpiration 
is  to  abate,  and  in  part  deftroy,  the  elaflucity  of  the 

A  a  a  air ; 
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air ;  and  as  this  was  efleAed  by  fulphureous  vapours, 

and  he  could  breathe  (oi  a  longer  time  air  liiat  had 

pafled  through  cloths  dipped  in  a  folutioti  of  iate  of 

tartar,  he  concluded,  that  the  air  had  been  mended 

by  the  tartar  having  ftroi^ly  imbibed  the  fulphu* 

reous>  acid,  and  watery  vapours.  Vol,  L  p.  167. 

Haller,  after  reciting  the  opinions  of  all  that  had 

gone  before  htm»  fuppofes,  with  Dr.  Hales,  tEat^ 

in  consequence  df  the  air  loHng  itt  fpring  in  the  kmgs, 

they  cannot  be  kept  dilated  ^  snd  therefore,  tbrjr 

mud:  coUapfe,  and  the  circufation.  of  the  btood  be 

hnpedted^  Vol.  III.  p.  258.  When  he  ffiatcs  his  opi-; 

nion  concerning  tbe  ufe  of  the  lung»  more  fbltyj  he 

fays,  diat  the  true  ofe  of  them  i&panlymhaUag^  and 

partly  exhaling,  p.  35  r.    That  the  lungs  inbtik  both 

water  and  air ;  but  that  ia  the  kings  the  «r  lo&s  it» 

elaftic  property^  fo  as  to  be  eafily  fblubk  in  waw  or 

vapour,  p.  352>  and  he  chinks  it  probable>  diat  this 

air  ierves  as  a  cement  to  biod  the  earthy  parts  toge-- 

then     He  alio  nuJces  no  doubt,  but  chat  various 

other  matters,  mifcible  with  water,  are  inhaled  by 

the  lungs  ;  and  he  even  thinks  it  not  impmbable^ 

that  the  air  may  carry  fome  ekflrie  virtue  along 

with  it.     The  principal  exhalation  of  the  kngs>  he 

thinks,  to  be  water,  abounding  with  oily,  VK>lacile, 

and  faline  principles  i  wd  diefe  oily  and  fetid  va^ 

poufs,  he  thinks,  to  be  die  fuUgines  of  Galen  and 

other  ancients,  p.  354. 

Mr. 
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Mr.  Cigna  o(  Turin  has  ^v^n  much  attention  to 
this  curious  fubjeft,  as  appears  by  two  memoirs  of 
his :  one  in  the  firft  volume  of  the  Mi/ctSahea  Tauri- 
%e»fta^  in  Mfhich  he  very  well  accounts  for  the  florid 
ltd  colour  efthie blood;  and  the  other^  whkh  is  a 
much  more  elaboratse  Memoir,  intitled»  D^  Re^^ 
^Qncy  in  the  fifth  volume  of  the  &me  w(H*k>  juft 
publifhcd»  or  about  to  be  pubUChed^  the  copy  of 
the  article  having  be«i  fent  to  me  by  the  author. 

He  takes  it  for  granted,  th^  air  which  has  once 
faeenbieatihed  is  unfit  for  £nther  refpiration,  oa  mo 
other  account  than  its  being,  loaded  with  momom  va* 
putrsy  which  difcover  liiemiblves  by^a  iettd  fifndk 
ASfc.  ^atarix^  YoL  V.  pu  30.  And  he  takes-  it  for 
granted,  that  the  elafticity  of  air  is  diminiihcd  by 
reipitadiM^  though  he  does  not  confider  that  dimi* 
nution  of  elaAicity  as  the  caufe  of  its  noxious  qua- 
lity^ .  He  therefore  concludes,  that  air  which  ha$ 
J3een  broaihed,  foficicates  by  means  of  the  irritsa* 
tion  which  it  occaGona  to  the  lungs,  by  which  the 
Ibronchia,^  and  the  luog^  themfelves,  are  contrafte^ 
ib  ad  10  regft.  the  entrance  of  th(e  aif^ ;  and  there- 
fore, that.jrefpired  w  is  nQ:iiaii3  on  th^  iiune  ac«- 
qoiinr  as:  mephitiiQ  vapourfli,  or  thofe  of  burning 
fo}phtir>.  p«  II  ;  that,  in  frequ^ntlyr  breathing  the 
i^n[ie  m,  i£  becomes  fo  los^d  with  thefe  vapouts, 
a»iO  e}Km  a  ^QQvulfiqn  in  the  Xiin^^  ^d  thereby 
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render  them  uhfit  for  tranfmitdng  the  blood,  p. 
42. 

This  philofopher  fuppofes  that  air  enters  the  pores 
of  the  blood,  retaining  its  elaftic  power,  p,  50,  and 
that  it  continues  at  reft  there,  becaufe  its  endeavour 
to  cfcape  is  counteraded  by  the  equal  preffure  of  the 
ambient  medium,  p.  52,  This  air,  he  fuppofes  to 
be  introduced  into  the  blood  by  the  chyle,  and  ne- 
ver by  the  way  of  the  lungs,  except  when,  by  fomc 
means  or  other,  the  equilibrium  between  the  air 
in  the  blood  and  the  external  air  is  loft,  p.  57.  If 
the  external  air  be  rarer  than  the  internal,  the  air  in 
the  blood,  expanding  itielf,  will  inflate  the  animal^ 
and  have  the  fame  effeft  as  air  introduced  into  the 
veins. 

What  we  are  chiefly  indebted  to  M.  Cigna  for,  is 
hi$  decifive  experiments  with  refpe£t  to  the  florid 
colour  of  the  blood,  which  he  clearly  proves  to  be 
cwfed  by  the  contact  of  air  $  though  he  afterwards 
feems  willing  to  defert  that  hypothefis.  It  was  of'- 
ten  imagined,  that  the  reafbn  why  the  lower  part  of 
a  quantity  of  blood  was  black,  while  the  /ur^e  was 
red,  was,  that  the  black  particles,  bdng  heavier 
than  the  reft,  fubfided  to  the  bottom ;  but  this  opi^ 
nion  our  author  clearly  refutes.  He  found,  that 
when  he  put  a  litde  oil  upon  a  quantity  of  blood,  it 
remained  black  throughout  i  but  that  when  be  took 

away 
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away  the  red  part,  and  expofed  to  the  air  the  lower 
lamruBj  which  were  blatk,  they  alio  became  fuccef- 
iively  red,  till  the  whole  mafs  acquired  that  colour, 
^€.  TawHn.  Vol.  I.  p.  73.  Alfo,  at  the  requeft 
of  M.  Cigna,  father  Beccaria  tried  what  would  be 
the  eSkSt  of  expofing  blood  in  vacuo ;  and  he  found  j 
that  in  thofe  circumftances,  it  always  continued 
black;  but  that,  by  expofing  .it  again  to  the  air,  it 
became  red,  p.  68. 

M.  Cigna  concludes  his  firft  diflertation  with  ob- 
lerving, .  that  it  is  not  eafy  to  fay  how  it  comes  to 
pais,  that  the  lower  part  of  a  mafs  of  blood  becomes 
black,  whether  by  the  air  which  it  had  imbibed 
efcaping  from  it,  or  by  its  depofidng  fbmething  fa- 
line,  neceflary  to  contribute  to  its  rednefs,  or  by 
die  preiliire  of  the  atmofphere  -,  but  he  inclines  to 
think,  that  air  mixed  with  blood,  and  in^erpofed 
between  the  globules,  prelerves  its  rednefs :  but  that 
by  concreting  it  is  expelled  from  it,  or  becomes  {o 
fixed  as  to  be  incapable  of  making  it  red.  This 
(Opinion,  he  thinks,  is  rendered  in  ibme  meallire 
probable,  by  the  increased  denfity  of  concreted  blood, 
and  by  the  emiffion  of  air  from  other  fluids  in  a  con- 
crefcent  ftate,  p.  74. 

Notwidiftanding  what  he  had  advanced  in  bis  firfl: 
Memoir,  yet  m  the  fecond,  which  was  written  fc- 
yeral  years  after  it, .  he  doubts  whether  the  change 
of  colour  in  the. blood  takes  place  in  the  lungs :  but 
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if  it  does^  }^e  if)clu]ies  to  afcr jbjc  this  ^geffc  p  ^ 
evaporation  froimt^e  blpojd  in  the  lungs ;  an4  tlipygl) 
)ie  always  fpund>  t})at  the  colour  of  the  ))lopd'W4f 
changed  by  the  confaftpf  air>  yet  whep  f^^CQnfider- 
e4  that  evaporation*  mu^^  as  he  thought,  neceQarily 
^t^pd  the  contad  of  air,  he  imagined,  that  dib  ef« 
feft  might  equally  be  attributed  to  this  cirpumftaDfi^, 
Put  he  acknowledges,  th^p  this  hypoihefis  Qi)gh|:  npf 
to  be  received  till  it  be  confirmgjd  by  qtpprjnrieo^t, 
445^^.  Taurin.  Vol.  V.  p,  6  j. 

Upon  the  whol^,  he  concludes,  that  the  principai 
ufe  of  air  to  the  tloody  is.  to  pref^rve  the  equilibrium 
with  the  external  air,  and  to  prevent  the  veflfel^  from 
being  render^  ^"^^  ^^  tranfmit  the  Uood,  on  ac- 
count of  the  external  prefiure ;  whereas,  by  meani 
of  the  air  they  contain,  the  fluids  move  in  their  prot 
|>er  yd&ls  as  frpely  as  in  vacuo,  and  the  membranes 
and  vifcera  alio  eafily  Aide  over  each  other,  p.  63* 
And  with  refp^d  to  the  ufe  of  the  lungs,  fince  he 
imagined  that  air  is  not  introduced  into-  ths  blood, 
foy  means- of  them,  bethinks,  that  because  iuch 
lungs  as  thofd  cfmm  are  given  to  the  warmer  ani« 
mals  only,  the  chief  ufe  of  refpiration  is  exhala- 
tion, and  confequendy  the  cooling  of  the  bloody 
p.  65. 

The  lail  writer  whom  I  fhall  quote  upon  this 
fubjed;  is  the  late  ingenious  Mr.  Hewfon ;  who  (ays, 
in  his  E^cperimental  Inqmry  mio  the  ProperUes  of  Bkod^ 


p,  9,  f^  A$  the  f:plour  of  th?  blpflfj  is  clwijgp^  by 
*'  ^r  xjut  of  thf  body,  it  ig  prefumcd,  ?hat  tfiie  w 
^^  in  the  lungs  is  the  immediate  caufe  of  (Jie  i^f 
^^  change  in  the  body.' •  That  jfeis  phipge  is  rfally 
jH-oduced  in  the  lungs,  he  is  pf rfy^defii  h^  f^ 
feom  «peaincnts,  in  whiab  he  diftinftly  ft W  iHf 
blood  of  a  more  florid  red  in  the  left  wri@le  p^  th? 
heart,  .than  it  was  in  the  right  i  but  how  thi&  tffe& 
is  produced,  he  %s,  is  not  yet  determined. 

Since  fopne  jof ,  ^e  neutral  falts,  and  particularly 
nitre,  hgve  a  fimilar  efieA  ati  thfi  cokur.pf  ^ 
blood;  fome^  %s  he,  attribute  this  diff^r^nce  f9 
^e  nitre  ab&Hped  firom  the  fXu  whil^  in  the  hil^gs^ 
But  this,  he  adds,  is  a  metis  hypPth^iUs  for  m 
contains  no  nitre,  andmfift  t^  tiie  neuttid  ialtls  pr9r 
duce  the  iame  tSt&  in  fome  degree. 

After  this  review  of  the  obferv^tions  ^nd  pptnionp 
of  others  on  this  important  queftton  in  phyfiplpgy, 
I  il^U  proceed  to  recite  my  QWii.  I?  niay  appeifr 
ibmething  cxtraoidinary,  that  among  fuch  a  variety 
of  opinions  concerning  ^he  uft  of  refpiffttion,  the 
right  one  fliould  never  have  bfea  (b  qf^uph  as  coiir 
jeftured,  though  unfupppftfld  ^y  the  proper  pfoof. 
But  indeed,  this  animal  fu^fbion,  and  the  phlpgiftip 
procefles  in  chemiftry,  cfpeci^ly  that  of  the  cal- 
cination  of  metals,  which  is,  perhaps,  the  moft  fini- 
pie  of  thepn,  are  to  appearance  very  different  things ; 
and  therefore,  it  is  the  leis  to  be  WQndered,  thax  no 

5  perfon 
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pcrfbn  fhould  have  imagined,  they  would  produce 
the  lame  eficA  on  the  air  in  which  they  were  per- 
formed. 

That  refpiration,  however,  is,  in  reality,  a  true 
phlog^c  procefs,  cannot,  I  think,  admit  of  a  doubt> 
after  its  being  found,  that  the  air  which  has  ferved 
for  this  purpofe  is  left  in  precifely  the  fame  fbte 
as  that  which  has  been  expofed  to  any  other  pUo- 
^ic  proceis.  And  fince  all  the  blood  in  the 
body  pafles  through  the  lungs,  and,  according 
to  Mr.  Hewfbn's  obfervations  and  odiers,  tlie  re- 
markable change  between  the  colour  of  the  venal 
and  arterial  blood  takes  place  there,  it  can  hardly 
be  doubted,  that  it  is  by  means  of  the  bkod  that 
the  sur  becomes  phlogiflicated  in  pafling  through 
the  lungs :  and  therefore,  that  one  great  ufe  of  the 

•  •  • 

blood  mud  be  to  difcharge  the  phlogifton  with 
which  the  animal  fyftem  abounds,  imbibing  it  in 
the  courfe  of  its  circulation,  and  imparting  it  to  the 
air,  with  which  it  is  nearly  brou^t  into  contaA, 
in  the  lungs ;  the  air  thus  a£ting  as  the  great  men- 
•ftruum  for  this  purpofe. 

Though  I  had  no  doubt  concerning  this  conclu- 
lion  from  my  former  experiments,  I  thought  fo 
great  a  problem  deferved  as  much  illuftration  as 
could  be  given  to  it  j  and  therefore  I  was  willing 
to  try,  whether  blood  was  of  fuch  a  nature,  as 
to  retain  any  of  this  power  of  affe£ling  air  when 
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congealed,  and  out  of  the  body,  that  it  has  when  it 
is  fluid,  and  in  the  body ;  and  the  experiments  have 
folly  anfwered  my  cxpeftations. 

Having  taken  the  blood  of  a  Iheep,  and  let  it 
ftand  till  it  was  congulated,  and  the  ferum  was  fe- 
parated  from  it  (after  which  the  furface,  being  cx- 
pofed  to  the  common  air,  is  well  known  to  aflumc 
a  florid  red  colour,  while  the  infide  is  of  a  much 
darker  red,  bordering  upon  black)  I  introduced 
pieces  of  the  crailamentum,  contained  in  nets  of 
open  gauze,  or  of  wire,  fometimes  through  wateri 
and  fometimes  through  quickfilver,  into  different 
kinds  of  air,  and  always  found  that  the  blackeft 
parts  aflumed  a  florid  red  colour  in  common  air» 
and  more  efpecially  in  dephlogiflricated  air,  which  is 
purer  and  more  fit  for  refpiration  than  conimoii 
air  (and  accordingly  the  blood  always  acquired  a 
more  florid  colour,  and  the  change  was  produced 
in  lefs  time  in  this  than  in  common  air)  whereas 
the  brighteft  red  blood  became  prefendy  black  in 
any  kind  of  air  that  was  unfit  for  refpiration,  as  in 
fixed  air,  inflammable  air,  nitrous  air,  or  phlogifti- 
cated  air ;  and  after  becoming  black  in  the  laft  of 
thefe  kinds  of  air,  it  regained  its  red  colour  upon  be- 
ing again  expofed  to  common  air,  or  dephlogifticated 
air;  the  fame  pieces  becoming  alternately  black  and 
red,  by  being  transferred  from  phlogifticated  to  de-* 
phlogifticated  airs,  and  via  verfa. 

In 
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In  chefc  experiment?  the  Wood  muft  hare  pjwtcd 
wi^*  V^  plUo^^o  to  the  common  w,  or  dephla«. 
gifticated  air,  and  have  imbibed  it,  and  h^ve  be* 
i:f>mo  Saturated  vith  i%  when  expofed  to  phlo|;ifti- 
cated,  nitrous,  inflammable,  or  fixed  air.  The 
only  difiiciilty  is  with  refpe&  to  the  fixed  air  s  for 
all  the  other  kinds  certainly  contain  phlogifton.  $\it 
;is  ;hcre  are,  perhaps,  no  examples  of  ^ny  fubftai^ 
)^QC.  pni?  principle,  without  at  the  fame  time  ao^ 
^pir^  another;  aqd  iii  other  experiments  both 
ipfl^p^innabjjfe  and  dephlogifticated  air  a£b  upon  each 
Other  th^oygh  a  bladder,  the  acidifying  principle  of 
dephlc^fticated  air  rpay  enter  the  blood  through 
the  noembrsme  pf  th^  hing^  as  well  as  phlogiftop 
fjpQfifx  the  luBgs  unites  with  dephlogifticated  air  ii» 

fj^m  9P^  fo  foifm  fixetJ  air^. 

TbP  b)ackne&  of  the  Iplood  nuy  ariic  from  qthqr 
cauiiira  ^an  its  acqu^-ing^  phlogifton.  Gaber,  ^ 
in{i;a,n9(,  .obferves,  th^t  b^ood  becomes  bhv;)^  wfaev 
it  begii^  (o  putrefy,  as  it  does  alio  wheneve;r  it  i; 
dried  and  hardened  near  the  fire.  Father  Beccaria 
aJfo  ibund,  as  I  have  obferved,  that  red  blood  (0h 
tinmd  (and  he  could  hardly  f^jl  to  obferve  aUb^  tha| 
it  hecflme)  black  in  va^w;^^  where  it  could  not  have 
}iT)bibed  phlogifton.  This  ]  found  tp  be  the  ca^ 
when  the  blood  was  covere4  two  inches  and  a  half 

^  That  this  it  a<^ua])y  the  caTe^  appeambftfit  dpeiimeytsaf 
Dr.  Goodwin^  and  fomc  that  I  h«ve  made  fioce  the  publicatio&  of 
this  papery  and  which  will  be  recited  hereafter.  But  I  had  not  this 
klfa  fo  eiriy. 

with 


widv  ferutn  i  but  it  regained  its  florid  GolOUf  When 
k  Was  eK{>ored  to  the  opeti  tax. 

In  genefal>  howeter,  k  cannot  be  eifided,  thaC 
when  blodd  has  become  black  vfithout  having  tt-^ 
reived  phlogiftion  ah  exfray  it  will  I'ecovef  its  florid 
cdour  by  being  expOfed  to  the  ain  For  the  deli^ 
dacy  of  it»  texture,  and  confequently  its  capacity  of 
being  eafily  afiefted  by  phlogifton,  nnay  be  eflcn- 
tiaUy  altered  by  internal  caufes  of  blacknefi.  This 
is  even  the  cafe  when  blood  has  become  black  by 
fceing  expofed  to  nitrous  ai^d  iMammiabk  ^>,  though 
tins  chMge  is  probably  efiedbed  by  its  imbibing 
{yhlogifton. 

I  expofed  j»etes  of  the  fanhe  mafi  of  red  Hood 
to  thefe  two  kinds  of  air,  and  alio  to  fixed  air  at  the 
£ime  time.  They  afll  becan^  bhck;  but  that 
which  was  in  the  inflammable  air  wik^  the  leaft  fo, 
and  none  of  them  recovered  their  florid  colour  in  the 
open  air.  But  at  another  time,  a  piece  of  craflia- 
mentum,  which  had  become  bhick  in  fixed  air, 
did,  in  fbme  meafure,  and  very  flowly,  recover  its 
florid  colbur  in  dephlogifl:icated  air.  Perhaps  the 
piefces  that  had  lofl  their  colour  in  the  nitrous  arid 
inflammable  air  might  have  recovered  it  by  iheanS 
of  this  more  powerful  mertftruum. 

Since,  however,  blood,  after  becoming  black  irt 
phlogifticated  air,  is  always  capable  of  refu riling  its 
red  colour  on  being  again  expofed  to  pure  air,  it 
may  be  concluded,  tha^  the  pneceding*  biacknefs, 

dif- 
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of  comrtion  arr  and  one  of  this  occupied  Ae  ipdcc 
of  two  tticafurts  ^ttd  a  c|u^rter,  ittftead  of  one  mea- 
fufc  aftd  three  foufths.  'the  inflannmafble  aif^ 
though  ftill  inflamnftable,  was  rendered  in  fome  de- 
gree Wholeforae  by  the  proceft ;  being,  after  this, 
confiderably  diminilbfed  by  nitrous  air,  which  is  a 
ftatc  to  which  it  is  brought  by  agitation  in  watef, 
and  which,  continued  longir^  deprives  it  of  its  in- 
damniabilify  Hkewife.  It  cannot  be  doubted,  there- 
ftftty  but  that,  in  both  thefe  cafes,  the  red  blood, 
by  becoming  bhck,  received  phlogiilon  from  thefe' 
two  kinds  of  air. 

With  refpcft  to  the  phlogifticated  air,  I  onl^ 
Cbferved  that,  after  a  few  hours  expofure  t6  the 
ltd  blood,  it  was  fenfibly,  but  not  much,  dimirtifh- 
cd  by  nitrous  air;  which  otherwife  it  would  tpt 
have  been  in  the  leaft  degree.  This  blood,  how- 
ever, -v^as  of  the  lighteft  colour ;  that  is,  according 
to  my  hypodiefis,  the  moft  free  from  phlogifton,  of 
any  that  I  have  ever  fecn ;  and  I  have  tried  thcf 
feme  thing,  without  fuccefs,  with  blood  of  a  left 
florid  colour,  though  as  florid  as  the  commoflf  air 
could  make  it.  But  it  ihould  be  con(idered>  that! 
the  proper  fiinftiofi  of  the  blood  is  not  to  receivd 
phlogifton  from  air  (not  meeting  with  anyphkn 
gifticated  air  in  the  courfe  of  its  dfCiSiifttidfi)  but  to 
communicate  phlogifton  to  air ;  and  thefeft>re,  there 
is  by  no  means  the  £ime  reafon  to  estfpe£t,  ihat  ait 

wiU 
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will  be  mended  by  red  blood,  as  that  it  will  be  in- 
jured by  black  blood. 

It  may  be  objefted  to  this  hypothefis,  concerning 
the  ufe  of  the  blood,  that  it  never  comes  into  acShial 
'  contaft  with  the  air  in  the  lungs,  hut  is  feparated 
from  it,  though  as  Dr.  Hales  ftates  it,  at  the  dif- 
tance  of  no  more  than  a  thouiandth  part  of  an  inch* 
The  red  globules  alfo  ftnm  in  a  large  quantity 
t)f  ferumi-  which  is  a  fluid  of  a  quite  different  na- 
ture. 

In  order  to  afcertiin  the  effeft  of  thefe  circum- 
ftances,  I  took  a  large  quantity  of  black  blood,  and 
put  it  into  a  bladder  moiftened  with  -  a  little  ferum, 
and  tying  it  very  clofe,  hung  it  in  a  free  expofure 
to  the  sur,  though  in  a  quiefcent  ftate  s  and  the  next 
day  I  found,  upon  examination,  that  all  the  lower 
fiirface  of  the  blood,  which  had  been  feparated  from 
the  common  air  by  the  intervention  of  the  bladder 
(which  is  an  animal  membrane,  fimilar  to  that 
which  confiitutes  the  vcficles  of  the  lungs,  and  is 
at  leaft  as  thick)  and  likewife  a  litde  ferum,  had 
acquired  a  coating  of  a  florid  red  colour,  and  as 
thick,  I  believe,  as  it  would  have  acquired,  if  it 
had  been  immediately  ezpofed  to  the  open  air  %  fo 
that  this  membrane  had  been  no  impediment  to 
the  adion  of  the  air  upon  the  blood.     In  this  cafe 
it  is  evident  to  obferve,  that  the  change  of  colour 
could  not  be  owing  to  evaporation^  as  Mr.  Cigna 
Vol.  Ill  B  b  con- 
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conjedhjres. .  This  eiq)eriincnt  I  repeated,  without 
previoufly  moiftening  the  bladder,  atad  with  the  veiy 
lame  refiilt. 

I  obferved  alio,  that  when  I  cut  out  a  piece  of 
the  craflanientum,  and  left  the  remainder  in  the 
vcfla  with  the  fenim,  not  only  that  part  of  the  fur- 
^ce  which  was  expofed  fx>  the  air,  but  that  whidi 
was  iurrounded  with  fcrum,  and  even  covered  with 
it  to  the  depth  of  feveral  inches,  acquired  the  florid 
colour';  fo  that  this  deep  covering  of  ferum,  which 
mufl  have  efieftually  prevented  all  evaporation,  was 
no  more  an  impediment  to  the  mutual  zSdon  cf 
die  blood  and  the  air,  than  the  bladder  had  been. 
The  ierum  of  die  blood,  therefore,  appears  to  be  as 
wonderfully  adapted  to  anfwer  its  purpofe,  of  a 
vehicle  for  the  red  globules,  as  the  red  globules 
tfaemielves:  for  the  flightefl  covering  of  water,  or 
fiUvay  efiedbually  prevents  the  blood  from  acquir- 
ing its  florid  colour ;  and  M.  Cigna  found  that  this 
was  the  cafe  when  it  was  covered,  with  oiL    * 

That  it  is  really  the  airy  adsng  through  the  i^- 
rum,  and  not  the  ferum  itfelf,  that  gives  the  florid 
colour  to  the  blood,  is  dearly  afeertained  by  die 
following  experiment.  I  took  two  equal  portions 
of  black  blood,  and  put  them  into  equal  cups,  con* 
taining  equal  quantities  of  ferum,  which  covered 
them  to  the  depth  of  half  an  inch.  One  of  diefe 
«ups  ftanding  in  the  open  ak,  and  the  other  being 

fixed 
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placed  under  an  exhftufted  receiver,  the  former  prc- 
fendy  acquired  a  florid  colour,  while  the  other  con-^ 
tinued  twelve  hours  as  black  as  at  firft.  Being 
taken  out  of  the  receiver,  it  ftood  all  night  in  the 
open  air  without  becoming  r€;d,  and  continued  black 
ever  after,  even  when  the  ferum  wa*  poured  offi 

I  alfo  more  completely  fatisfied  myfelf  of  the  in- 
fluence of  the  air  upon  the  blood,  through  a  body 
of  ferum,  by  the  reverie  of  this  experiment  For 
I  found  that  red  blood  became  black  through 
the  depth  of  two  inched  of  ferum,  when  the  veflfel 
containing  it  was  expofed  to  phlogifticated  air  \  (o 
diat  the  red  j^obules  of  the  blood  bodi  receive,  and 
part  with  phlogiilon  by  means  of  the  air,  notwithr 
flanding  die  interpofition  of  a  large  body  of  the 
fluid  in  which  they  naturally  float.. 

It  mufl:  not,  however,  be  inferred  in  all  cafes, 
that  blood  becomes  black  by  imbibing  phlogifton 
ab  extra.  For  if  time  be  given  for  it,  diis  change 
of  colour  may  arife  from  intemal  caufes^  as  from 
putrefaftion,  even  when  blood  contains  the  leafl 
phlogifton  pofllble.  To  try  this,  I  took  a  fmall 
quantity  of  perfeftly  florid  coloured  blood,  and 
putting  it  into  a  dean  glais  tube,  fealed  it  hermeti- 
cally; when  I  found  that,  notwithflanding  it  was 
by  diis  means  exit  oflF  fiT>m  aH  communication  with 
external  fU)ftances,  it  became  black  in  a  few  days. 

B  b  a  And 
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And  another  quantity^  kept  in  the  fame,  gianner, 
but  in  a  warm  place,  became  black  much  iboner. 

Except  ferum,  milk  is  the  only  animal  fluid  that 
I  have  tried,  through  which  the  air  i:an  ad  upon 
blood  i  for  black  blood  became  red  when  it  was 
plunged  in  milk,  in  the  fame  manner  as  if  it  had 
been  covered  with  ferum.  In  urine,  indeed,  black 
blood  becomes  inftantly  red ;  but  this  is  not  owing 
to  the  adiori  of  the  air,  through  the  urine,  but  to 
the  faline  nature  of  that  fluid.  This  makes  it  pro- 
bable  that  the  r^dnefs  of  tie  blood  is  owing  not 
only  to  its  parting  with  phlogifton,  but  to  imbibing 
the  acidifying  principle  from  the  dephlogifticated 
air. 

In  fome  cafes,  care  muft  be  taken  to  difldnguifh 
the  floridnefs  with  which  fbme  detached  parts  of  a 
quantity  of  blood  are  tinged,  from  that  which  pene- 
trates the  folid  parts  of  it.  In  Jalivdy  and  in  water 
impregnated  with  alkaline  fait,  fixed  or  volatile,  and 
alfo  in  fpirit  of  wine,  the  extreme  angles  and  edges 
of  pieces  of  crailamentum,  and  fmall  detached  parts, 
floating  in  thofc  liquors,  will  appear  of  a  very  florid 
red,  while  the  compadb  mafs  of  blood  continues 
dark.  The  florid  colour  of  the  prominent  and 
detached  parts,  in  thefe  cafes,  feems  to  be  the  mere 
eflfeft  of  the  minute  diyifion  of  the  parts  of  the  craf- 
famentum  in  the  fluid  in  which  thofe  parts  floaty 

5  when 
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when  at  the  fame  time  ir  has  no  fuch  effcft  on 
thofe  parts  which  remain  compaft,  nor  has  the  air 
the  ledl  power  of  afting  on  the  blood  through  the 
liquor. 

I  had  imagined,  that  fince  black  blood  contains. 
more  phlogifton  than  red  blood,  that  3ifFerence 
would  have  appeared  in  the  air  prodiiced  from  them, 
cither  by  being  fimply  diffolved  in  fpirit  of  nitre, 
or  when  dried  an4  made  into  a  palte  with  that  acid. 
But  the  difference-  was  too  fmall  to  be  fenfible  to 
this  kind  of  teft.  For  this  purpofe,  however,  I  had 
fome  blood  drawn  from  the  vein  of  a  fliecp,  and 
alfo  took  fome  that  came  firft  after  killing  it,  as 
the  butchers,  ufually  do,  by  dividing  the  carotid  ar- 
tery ;  but  though  I  diffolved  the  black  part  of  the 
former,  and  the  red  part  of  the  latter,  in  equal  quan- 
dties  of  the  fame  fpirit  of  nitre,  I  found  no  fenfible 
difference  in  the  air  tiiat  tliey  yielded.  The  air 
that  I  got  from  them  when  dri^d,  and  made  into 
a  pafte.  with  fpirit  of  nitre,  was  likewife  equally  in-^ 
diftinguifhable.  The  quantity  of  air  from  this  pro- 
cefs  was  very  great,  and  was  produced  irregularly, 
as  I  have  obferved  it  to  have  been  when  produced 
by  a  folution  in  fpirit  of  nitre  without  drying.  Half 
of  this  produce  was  fixed  air,  and  the  refl  phiogifli- 
cated,  except  that  a  candle  burned  in  it  with  a  lam^ 
bent  blue  flame.  It  is  evident,  however,  from  this 
experiment,  that  even  the  mofl  florid  blood  con- 

Bb  3  tains 
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tains  a  ccnliderable  quantity  of  phlo^oiv;  tcs^ 
otherwife,  this  air  would  have  been  dephlog^* 
cated. 

I  would  conclude  this  paper  with  obferving,  that 
I  have  found  a  very  great  di0erence  iti  the  conftitu- 
tion  of  blood  with  refpeft  to  its  property  of  being 
affefled  by  the  influence  of  the  air  i  fome  becoming 
very  foon  of  a  light  florid  cQlour>  and  the  ftratum 
of  this  colour  ibon  growing  very  thick ;  whereasj^ 
in  other  cafes»  the  colour  of  the  blood  in  the  mbft 
favourable  circumftances,  has  continued  much  dark* 
^r^  and  the  lighter  colour  has  never  penetrated  veiy 
jfar. 

As  the  principal  V&  of  the  blood  ieentta  to  be 
(derived  from  its  power  of  receiving  and  difchar^ng 
phlogifton^  and  the  degree  in  which  it  p<^fefle$ 
this  power  is  eafily  afcertained  by  the  eye^  it  mi^ 
not^  perhaps^  be  unworthy  of  being  particularly  at^ 
tended  to  by  phyiicians.  7o  eftimate  the  good- 
neis  of  bloody  according  to  this  criterion^  nothing 
is  requifite  but  to  obferve  the  Hghtneis  of  the  cokMu^ 
and  the  depth  of  the  light  cok)ured  ftratum^  after  it 
has  been  cxpofed  to  the  air  for  a  given  time.  In 
cafes  in  which  the  blood  is  unuTuatty  black,  and  but 
litde  affo5ted  by  common  air,  it  fhould  feem,  that 
breathing  a  purer  air  mighf  be  preicribcd  jnA  ad* 
vantage* 

In 
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In  general,  the  blood  that  I  have  been  able  to 
procure  in  die  city  has  not  been  is}  good  as  that 
which  I  have  got  in  the  country  ^  owing»  perhaps^ 
to  the  cattle  having  been  much  driven,  a^d  heated 
before  diey  were  Icilled. 


SECTION     IL 

Cf  the  Qmfumptim  of  depblogtJiUated  jUt  in  Refj^^ 

ration. 

WHEN  I  wrote  the  obfervations  on  the  fub- 
}t6t  of  Re/piraiion^  recited  in  the  preceding 
fedbion,  I  foppofed  that  in  this  animal  proccfs  there 
was  fimply  an  emiflion  of  phlogiilon  from  die 
lungs.  But  the  refiilt  of  my  late  experiments  on 
the  mutual  tranfmiflion  of  dephlogillicated  air,  and 
of  inflammable  or  nitrous  air,  through  a  moift  bladii- 
der,  interpofed  between  them,  and  likewife  the  opi- 
nions and  obfervations  of  others,  foon  convinced 
me,  that,  bcfides  the  emiflion  of  phlogifton  from 
the  blood,  dephlogifticated  air,  or  the  acidifying 
principle  of  it,  is  at  the  fame  dme  reived  into  the 

B  b  4  Wood, 
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blood.  Stilly  however,  there  remained  a  doubt 
hiyw  pucb  of  the  dephlogifticated  air,  which  wc 
inhale,  enters  the  blood,  becaufe  part  of  it  is  em- 
ployed in  forming  the  faced  aivy  which  is  the  pro- 
duce of  refpiration,  by  its  uniting  with  the  phla«i 
gifton  difcharged  from  the  blood.  For  fuch,  I 
take  it  for  granted,  is  the  origin  of  that  fixed  air,  fince 
it  is  formed  by  the  combination  of  the  fame  prin- 
ciples, in  other,  but  "ftcaftly  fimilar,  circum- 
ftances. 

Dr.  Goodwyn's  very  ingenious  obfervations  prove 
that  dephlogifticated  air  is,  as  he  properly  terms  ic^ 
confumed  in  reipiration  5  but  for  any  thing  that  he 
has  noted,  it  may  be  wholly  employed  in  forming 
the  fixed  air  above-mentioned.  He  has  proved, 
indeed,  that  the  application  of  deplogifticated  air  to 
the  outfide  of  a  vein,  will  change  the  colour  of  the 
blood  contained  in  it.  But  this  might  have  been 
efFeded,  as  I  firft  fuppofed,  by  the  fimple  difcharge. 
of  phlogifton  from  the  blood,  when  it  had  an  oppor- 
tunity of  uniting  with  the  dephlogifticated  air  thus 
prelented  to  it.  He  does  not,  however,  feem  ta 
iuppofe  that  there  is  any  phlogifton  difcharged  from 
the  blood  in  the  zBl  of  refpiration,  but  only  that  de- 
phlogifticated air  enters  into  it.  But  that  my  for- 
mer fuppofition,  as  well  as  his,  is  true,  will  appeaTi^ 
1  prefume,  from  the  expericnents  which  I  (hall  pre- 
fendy  recite. 

As, 
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As,  in  order  to  determine  what  proportion  of 
the  depUogifticated  air,  deftroyed  by  rcfpiration,  is 
employed  in  forming  the  fixed  air  wljich  is  the  pro- 
duceof  it,  it  was  neceflary  to  afcertain  as  exaftly  as 
poilible,  the  proportion  of  dephlogifticated  air  and 
of  phiogtflon,  in  the  compofition  of  fixed  air,  I  re-« 
peated,  with  particular  care,  experiments  fimilar 
to  thofe  which  I  had  formerly  made  for  that  pur^ 
pofc. 

I  heated  charcoal  of  copper  in  41  oz.  in.  ofde^ 
phlogifticated  air,  of  the  ftandard  ofo.33,  till  it  was 
seduced  by  waihing  in  water  to  8  02.  m.  of  the 
ftandard  of  1.33.  Again,  I  heated  charcoal  of  cop~ 
per  in  40.5  oz.  m.  of  dephlogifticated  air,  of  the 
ftandard  of  0.34,  till  it  was  reduced  to  6  oz.  m.  of  the 
ftandard  of  1.76;  and  in  each  of  thefe  cafes  there 
was  a  lols  of  6  grs.  of  the  charcoal  of  copper,  fo 
that  there  cannot  be  more  than  6  grs.  of  phlogifton 
in  33  oz.  m.  of  fixed  air;  and  coniequendy  that 
only  a  very  Utdc  more  than  one  fourth  of  the  weight 
of  fixed  air  is  phlogifton. 

I  heated  perfedUy  well  burned  charcoal  of  wood, 
in  60  oz.  m.  of  common  air,  and  found  one  fifth  of 
tlie  remainder  to  be  fixed  air,  and  the  refiduum  of  the 
ftandard  of  i  .7.  Laftly,  I  heated  eight  grains  and  a 
quarter  of  perfe^  charcoal  in  70  oz.  m.  of  depMogifti'^ 
^ated  air>.of  the  ftandard  of  0.46,  when  it  ftill  continu:* 
!pd  7o^0Zt  m.  but  after  w^tfhing  in  water,  it  was  reduce^ 

to 
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to  40  oz.  m.  of  the  ftandard  of  a6>  and  the  tbar- 
cod  then  weighed  one  grain  and  a  quarter  ;  fb  that 
from  this  experiment  with  common  charcoal^  as  wcU 
as  from  the  preceding  with  charcoal  of  copper,  itap- 
pears  that  about  one  fourth  of  the  weight  of  fixed  air 
is  pMogifton,  and  coniequently  that  the  other  duee 
fourths  are  dcphlogifticated  air. 

Having  done  this»  T  proceeded  to  afirettain  how 
much  fixed  air  was  adhially  formed  by  breathing  a 
gtven  quantity  both  of  atmofpherical  and  of  de- 
phk>gifticatcd  air,  in  order  to  determine  wfaetber 
any  part  of  it  ronained  to  enter  the  blood,  after 
forming  this  fixed  dr. 

For  this  piurpofe,  I  breathed  in  100  oz.  n^.  of  atw 
mofpherical  dr,  of  the  fhuxkrd  of  i.oi,  till  it  was 
reduced  to  7 1  oz.  m.  and  by  walhing  in  water,  to 
65  oz.  m.  of  the  ftandard  of  1^.5.  When  the  com^ 
putatv^ns  are  properly  made,  as  direded  in  a  for- 
mer article,  it  will  appear,  that  before  the  proce& 
this  air  contained  67.4  oz.  m.  of  phlogilbcated  aifi 
and  32.6  oz.  m.  of  dephlogifticated  air;  that  after 
the  procefs  there  remained  53.105  oz.  m,,  of  phlo-* 
gifticated  sdr,  and  1 1.895  02.  m.  of  dephlogifticaced 
air,  and  that  there  were  only  6  oz.  m.  of  fixed  air 
produced,  for  the  quantity  al^orbed  during  the  pro* 
eels  could  only  have  been  vtry  inconfidefable.  It 
wyi  therefore  be  evident,  that,  in  this  experimenti 
ii€kj  oz«  m.  of  dephlogifticated  air,  which  would 

weigh 


veigji  12*41  gra.  di&ppear^;  whereas  all  the 
£xed  air  that  was  fixond  would  only  have  wdghed 
4.4  grs.  and  one  ivmrdi  of  dds  beh^  phlogtfton,  die 
dephbgiftated  air  that  entered  mta  it  would  have 
weighed  oiilj  5-j  grs.  confequendy  -9.12  gr$.  of  it 
tiiuft  have  entered  the  bloody  which  is  three  times 
as  much  as  that  whkrh  did  npt  enter>  but  was  em- 
ployed in  fanning  the  fixed  air  in  thr  lungs. 

I  breathed  in  100  oz.  m.  <]f  dephlogifticated  air, 
Qftheibuulaniaf  i.p^  tBlitwasreducedto5Soz.  m. 
and  by  waflung  in  water  to  52  oz.  m.  of  the  ftan^ 
daiid  tS  1.75,  with  two  equal  quantities  of  nitrous 
^.  The  computations  being  made  as  before,  it 
will  ^^ear  that  before  this  procefs  this  air  contain-* 
ed  66  ox.  m.  of '  phlogifticated  air,  and  34  oz.  nu 
of  dephlogtjfticated  aiii;  and  that  after  the  procefi 
there  were  30.368  oz.  m.  of  phlogifticated  air,  and 
ai.632  oz.  ttu  of  depMogifticated  air.  In  this  cafe, 
therefor^  tha  dephbgifticated  air  that  difappeared 
^^  ^3'3  OZ-  no.  weighing  7.8  grs.  and  the  fixed 
air  was  6  oz.  m.  weighing  4.4  grs.  fo  that  here  alio 
about  three  times  as  much  entered  di^  blood,  at 
did  not* 

•  Tbefe  expenments  I  repeated  many  times,  and 
though  not  with  the  fame,  yet  always  with  Jimilar 
xtfcXx^  the  greater  pare  of  the  dephlogifticated  air, 
1^  never  cb;  titrate,  pafling  the  membrane  of  the 
Kings,  and  entering  die  blood. 

When 
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When  the  rcftdts,  above-mentioned  arc  compared^ 
k  will  appear,  though  die  obiervadon  efcaped  Dr.i 
Goodwyn>  that  part  of  the  phlogifticated  air  entered 
the  blood,  as  well  as  die  dephlogiflicated  air,-  or 
which  is  the  &me  thing,  that  die  dephlo^fticated 
air  which  was  confijinied  was  not  of  the  purcft  kind. 
This  experiment  I  repeated  fo  often,  and  always 
with  the  fame  reiult,  tbiat  I  am  confident  I  cannot 
be  miftaken  in  this  conclofion.  This  fa£t,  of  which 
I  had  no  previous  expedtadon,  I  firfi:  thought  might 
be  accounted  for  by  fuppofing  that  the  two  con- 
ftituent  parts  of  atmofpherical  air,  viz.  the  phk^i£< 
ticated.  and  dephlogiflicated  air,  are .  not  fo  loofsfy 
minced  as  has  been  imagined,  but  rather,  that  they 
have  ibme  principle  of  mm  $  fo  that  though  they 
may  be  completely  feparated  by  fome  chemical  pro- 
ceflfes,  they  are  not  epdrely  fo  in  this ;  but  that  the 
dephlogiflicated  air  paffing  the  membrane  of  the 
lungs,  carries  along  with  it  fbme  part  of  the  jdilo* 
giflicated  air  with  which  it  was  .previoufly  com* 
bined.  But  at  the  obliging  fuggeftion  of  Dr.  Blag* 
den^  I  now  think  it  more  probable  that  the  deficiency 
of  phlogiflicated  air  was  owing  to  the  greater  pr6-» 

poFtipn  of  it  in  the  ku^s  after  the  procefs  than  be<- 
fore. 

When  I  breathed  dephlogifticated  air  that  was 
very  pure,  I  gejiendly  found  lefs  lofs  of  phlogifticated 
air,  and  in  one  cafe  (wjiiich  is  therefore  not  to  be  de^ 
pended  upon)  there  feemed  to  be  an  increafe  of  it. 

There 
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There  will  always  be  fome  uncertsunty  m  the  re- 
fults  of  the  long  continued  refpiration  of  any  kind 
of  air>  as  at  the  laft  the  operation  becomes  laborious, 
and  the  quantity  infpired  and  expired  is  therefore 
much  greater  than  at  the  faOu  i  But  I  was  aware 
of  this  circumftance^  and  endeavoured  to  obviate 
the  effefts  of  i^  by  leaving  off  with  my  lungs,  as 
neariy  as  I  could  judge,  in  the  fame  ftate  of  dif- 
tendon  as  when  I  began,  which  was  always  zfyfv  a 
nuxierate  expiration;  fo  that  two  or  three  oinnce 
meafures  would  have  made  a  very  fenfible  difieN 
cncc,«  any  pcrfoawm&id  by  aftual  trial.     .  _. 
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SECTION    niv 

Of  the  ReJpriUim  of  RJbes.  - 

HAVI NG  difcovtred,  as  I  tppi'fllcnd,  that  Ac 
principal  uie  of  the  lungs^  and  x^  (!ie  bkod^ 
is  to  difcharge  phlogifton  from  die  ztactal  fyftena, 
in  a  ftate  proper  to  diminifh  reipirabk  sLtTj  and  to 
render  it  unfit  for  refpiration,  I  was  willing  to  try 
wbedier  fijbes^  which  do  not  breathe  as  other  am- 
mals>  part  with  phlogifton  to  the  water  in  which 
they  live,  and  with  that  view  I  put  two  fifhes  (a 
pretty  large  perch  and  an  eel)  into  a  pail  of  water ; 
and  when  they  had  been  in  it  about  twenty  four 
hours,  I  nearly  filled  a  large  phial  with  it,  and  in'  it 
I  a^tated  a  fmall  quantity  of  contimon  sur  between 
fix  and  (even  minutes,  and  then  found  that  it  was 
confiderably  mjured  by  the  operation.  Two  mea- 
fures  of  this  and  one  of  nitrous  air  occupied  at  firft 
the  fpace  of  two  mealures  and  one  iixth,  and  by 
ftanding  feveral  days  was  never  lefs  than  two  mea- 
iures;  But  when  I  agitated  an  equal  quantity  of 
air  in  the  fame  quantity  of  the  fame  water,  in  which 
no  fifhes  had  been  confined,  and  for  the  fame  ijpace 

I  of 
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of  time,  it  did  not  j^ppear  to  have  been  injured  ex- 
cept in  the  flighteft  degree. 

It  is  evident,  therrfore,  that  phlogiflxm  is  dis- 
charged from  fifhes  as  well  as  from  other  animals, 
that  this  phlogifton  afieds  the  water^  and  that  this 
water  afieds  the  air  diat  is  agitated  in  it,  and  in 
the  lame  manner  as  the  filhes  themfelves  would 
have  afie&ed  it,  if  it  had  been  poITible  for  them  to 
breathe  it. 

I  afterwards  repeated  thefe  experiments  with  aa 
attention  to  more  circumftances ;  and  diey  both  cojt^ 
firm  and  extend  my  former  general  condufions. 

Having  at  hand  ibme  water  from  the  Hot-weQ 
at  Briftol,  which  I  had  found  to  contain  air  in  a 
ftate  of  great  purity,  I  completely  filled  a  large 
phial  with  it,  and  I  put  into  it  a  few  very  fmall 
jfifhes,  which  I  had  provided  for  the  purpofe  of  thefe 
and  other  experiments.  They  were  minows,  and 
other  fmall  fiihes,  about  two  inches  in  length.  In 
diis  water  they  were  confined  without  any  accels  of 
common  air  till  they  died. 

After  this  I  took  equal  quantities  of  the  water  in 
which  the  fiihes  had  died,  and  of  that  out  of  which 
it  had  been  taken,  whai  they  were  confined  in  it ; 
and  I  expelled  from  bodi  all  the  air  which  they 
would  yield.  That  from  die  water  in  which  no 
fifhes  had  been  put,  exceeded  in  quantity  that  from 

the 
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the  water  in  which  they  had  been  confined  in  die 
proportion  of  three  to  two ;  and  exannining  the  qua- 
lity of  both  thefc  quahtiries  of  air,  by  the  teft  of  ni- 
trous air,  the  former  exceeded  the  latter  in  a  ftill 
greater  proportion.  The  air  frbni  the  water  in 
which  no  fifties  had  been  confined  .was  about  the 
ftandard  of  cobimon  air,  but  that  which  had  been 
contaminated  by  the  refpiradoji,  as.I'may  fay,  of 
the  fifties,  though  not  thoroughly  phlogifticated,  was 
fomcthing  worfe  than  air  in  which  a  caqdle  juft  goes 
out.  I  ftiould  probably  have  found  it  llill  worfe 
than  this,  if  I  had  expelled  and  examided  the  air 
immediately ;  but  the  water  remained  in  an  open 
vefiel  all  night  before  I  made  the  experiment  up- 
on it. 

From  tliis  experiment  it  may  be  concluded  with 
certainty,  that  air  contained  in  water,  in  an  unelaflic 
ftat€>  is  as  neceftlary  to  die  life  of  fifties,  as  air  in  an 
elaflic  flate  is  to  that  of  land  animals. 

I  had  no  doubt,  therefore,  but  that  putting  fifties 
into  water  impregnated  with  air  that  was  thoroughly 
phlo^fti9ated,  would  be  injurious,  if  not  &tal  to 
them,  as  much  as  the  fame  kind  of  air,  in  an  elaftic 
ftate,  is  to  land  animals ;  and  this  was  verified  by 
the  following  experiments ;  from  which,  however, 
it  appears  that  fiihes,  like  infeds,  and  fome  other 
exanguious  animals,  can  live  a  confiderable  time 

without 
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without  any  thing  equivalent  to  refpiratioo.  What 
limits  that  time  has,  majr  in  ibme  mcafiire  appear 
from  thefc  obfcrvations. 

i  began  witli  water  that  contained,  as  far  as  we 
ane  abkto  difcover,  no  air  at  alL  For  it  was  rain 
wHOer>  that  had  been  recently  boiled  a  confiderable 
time.  The  vei&l  contained  about  three  pints  of 
it  f  and  into  this,  without  admitting  any  air, 
I  put  nine  of  the  fmali  fiihes  above-mentioned,  and 
they  lived  in  it  between  three  and  four  hours.  This 
e3q>eriment  refemhles  the  putting  of  frogs  and  ler* 
pents  into  a  vacuum,  only  that  there  was  so  expan* 
lion  of  air  contained  an  them,to  fwell  dieir  bodies  in 
this  caie. 

Taking  the  fame  water,  whiqh  as  I  obierved, 
contained  litde  or  no  air,  I  made  it  imbibe  as  much 
aslcouldofaquantity  that  had  been  phlogifticated 
widi  iron  filings  and  iulphiu*,  fix  months  before. 
Of  this,  however,  the  water  would  take  but  very 
little.  Into  a  pint  of  this  water,  thus  imperfe£Uy 
impregnated,  I  put  two  of  the  fiihes,  and  d^  lived 
in  it  near  an  hour.  The  refult  was  the  fame  when 
I  impregnated  an  equal  quantity  of  die  iame  water 
with  inflammable  air.  For  in  this  cafe  alfo  the  two 
fiihes  lived  about  an  hour.  This  experiment  re- 
iembled  the  puttii^  of  mice,  and  other  land  ani- 
mals, into  phlogifticated  or  inflammable  air>  which 
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is  known. to  be  fatal  to  diemj  but  more  fuddenly 
than  this  water,  was  to  the  fiibes,  owing,  I  fuppofe^ 
to  its  imperfeft  impregnation. 
.  That  excellent  anatomift,  Mr.  John  Hunter, 
told  me,  that  fifties  would  not  live  m  water  im- 
pregnated with  fixed  air.  I  repeated  the  (experi- 
ment, and  found  that  fmall  fifties  would  not  live  in 
this  kind  of  water  more  than  a,  few  minutes.  At 
the  fame  time  I  had  the  curiofity  to  try  how  they 
would  be  afFedted  by  water  impregnated  with  nitrous 
atr^  and  obferved  that  they  were  afiedbed  in  the 
fame  manner,  but  much  more  violendy;  being 
thrown  into  the  greateft  agitation  the  moment  they 
were  put  into  it,  and  moving  about  with  the 
greateft  rapidity,  till  they  \  became  languid  and 
died. 

.  Though  at  that  dme  I  took  all  the  care  I  could 
to  prevent  die  decompofition  of  the  nitrous  air,  that 
remained  after  the  operation,  filling  the.  phial  in 
which  theprocefs  was  made  with  frefti  water  by  means 
of  a  funnel,  &c.  ftill  a  decompofition  of  ibme  fmall 
part  of  it  would  neceflfarily  be  made,  before  I  could 
poflibly  flip  the  funnel  into  the  neck  of  the  phial. 
To  prevent  this,  I  now  introduced  the  fifties. into 
the  veft[el  in  which  I  had  impregnated  the  water 
while  it  remained  inverted  in  the  bafoii>  the  re- 
mainder of  the  nitrous  air  not  imbibed  by  t^  water. 
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ftill  retting  upon  it.  The  phial  I  ufed  contained 
fbmething  more  thah  a  pint,  and  the  nitrous  air  oc- 
cupied about  one  fourth  of  it. 

Into  this  veffel,  thus  prepared,  I  introduced  two 
of  my  fmall  fiflies,  and  they  continued  very  quiet, 
without  being  feized  with  any  convulfions,  ten  mi- 
nutes, or  a  quarter  of  an  hour,  before  they  died. 
The  caufe  of  the  convulfions,  therefore,  in  the  for- 
mer cxperinient,  muft  have  been  not  the  nitrous  air, 
properly  fpeaking,  but  the  nitrous  acid,  though  in 
fo  very  fmall  a  quantity,  diffufed  in  the  water,  and 
afting  like  the  fixed  air  (which  is  only  another  kind  of 
acid)  in  the  water  impregnated  with  it.  Whereas 
in  this  experiment  the  fifhes  were  no  otherwife  af- 
fedted  than  they  were  in  the  water  impregnated  with 
phlogifticated  or  inflammable  air,  except  that  the 
water  imbibed  much  more  of  the  nitrous  air,  and 
on  that  account  was  (boner  fatal  to  them. 
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SfiCTlON    IV. 

Of  the  'Diminution  of  Nitrous  Air  in  Confequenu  of  tit 
bdng  confined  in  a  Bladder  in  cettain  CirtUlinftances. 

AS  the  obfervations  I  made  on  the  ai6tionof 
one  kind  of  air  on  another,  through  4  mnift 
bladder,  greatly  illuilrate  the  experinients  in  which 
the  bkxxl  is  afted  upon  through  the  membtatie  of 
the  lungSj  I  iball  infert  them  in  diid  place.  Th« 
coitipofition  of  fixed  air,  as  inferred  from  this  pro* 
cefi,  was  nientioned  before* 

Having  had  frequent  occafion  to  put  a  quin- 
tity  of  nitrous  air  into  a  bladder^  in  ofder  U)  tnoiT- 
fer  it  from  my  trough  of  water  to  veffidi  pbifted 
in  difierent  parts  of  the  room,  I  generally  left  the 
bladder  with  the  remainder  of  the  air  in  the  troi^ 
of  water,  without  preffing  it  out  into  a  jar,  eipc- 
cially  when  I  knew  that  I  ihould  have  occafion  for 
it  foon  afterwards;  and  the  trough  being  large 
enough,  it  was  no  inconvenience  to  me  to  let  the 
bladder  of  nitrous  air  be  fwiniming  about  in  it^ 
while  I  was  intent  upon  other  experiments.  But  jfe- 
veral  things  led  me  to  fu(pe6t,  that  nitrous  air  kq)€ 
in  a  bladder,  in  thefe  circumftances^  was  liaUc  to 
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be.icnpftired  i  :an4  it  did  not  anfwer  my  purpofe  in  a 
variety  of  experin^ients  fo  well^  as  that  which  y^ 
been  kept  mvich  longer  in  the  j^rs,  in  the  fanie 
CFDugh  of  water. 

As  to  the  fMntity  of  the  air,  I  had  not,  for  a  long 
Ciine^  given  much  attention  to  it ;  till  fometime$ 
finding  it  much  lefs  than  I  expected  (the  bladder 
evidently  containing  but  litde,  when  I  perfedly  re* 
colle<ftedthat  I  had  left  a  good  de^  in  it)  I  w^ 
forced  to  attend  to  that  circumftance ;  and  after  1 
had,  in  fytttc  tneaftire,  invedigaced  this  curipus  &6l^ 
I  was  a  long  time  ^exceedingly  at  a  I0&  to  account 
fix'.the  capital  cifcumAances  of  it. 

J  had  Ac  k&  fufpicion  q(  nitrous  air  undergoing 
any  cQ^derable  change  in  a  bladder,  from  my  hav<- 
ing  at  one  time  kept  a  quantity  of  it  in  a  dry  bladder 
about  three  weeks,  without  any  fenfible  diminution 
of  its  virtue. 

After  this  pievicnis  infi>rma|ion,  I  fhjfil  now  prp* 
ceed  to  preftnt  my  reader  with  a  view  of  the  fa£is^ 
juft  as  they  oocwred  to  myi^lf. 

On  the  loth  of  March,  1776,  I  could  not  help 
Qbfervii^  that  a  large  quantity  of  nitrous  ^r,  which 
had  been  kft  in  a  bladder,  was  greatly  dimMiifhed ;  it 
Imvvig  bmikft  very  buoytmt,  and  being  npw  ahnpft 
funk  iLinder  witter.  Tjiis'  prompted  me  to  otanoiiie 
tbeftateof  the  air.contwiod  in  it,  whpi  I  found  ^t 

Cc  3  to 
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to  be  mere  phlogifticated  air,  not  at  all  afitdhmg 
eommon  air,  and  extinguiftiing  a  candle.  Now,  as 
part  of  the  fame  nitrous  air  had  ftood  all  the  time  in 
a  glafs  jar,  in  the  fame  trough  of  water,  without 
fufFering  any  fcnfible  change,  the  difference  between 
them  was  evidendy  owing  to  the  different  manner 
in  which  they  had  been  kept 

In  order  to  determine  by  what  degrees  this  un- 
doubted diminution  of  nitrous  air,  when  kept  in  a 
bladder,  would  proceed,  I  put  a  certain  quandty  of 
it  into  a  bladder,  and  let  it  fwim  about  my  trough 
as  ufual ;  when  I  found  that,  in  the  ipace  of 
one  day,  it  was  diminifhed  one  fourth  of  its  bulk, 
and  the  next  day  only^  half  of  it  remained,  when  it 
was  ftill  confiderably  nitrous.  Had  I  continued  it 
longer,  the  remainder  would  certainly  have  been 
phlogifticated  air,  as  before. 

In  order  to  determine  whether  this  remarkable 
eflfeft  was  neceffarily  occafioned  by  the  bladder  in  all 
circumftances,  I  thruft  a  bladder  up  into  a  jar  con- 
taining nitrous  air ;  but,,  though  it  had  ibmetimes 
its  infide^  and  fometimes  its  outfide  in  contad  imth 
the  air,  and  was  kept  there  a  fulHcient  time,  no 
change,  was  produced  in  thfe  air.  But  when,  im- 
mediately upon  this,  I  transferred  the  air  into  die 
fame  bladder,  and  let  it  fwim  about  the  trough,  as 
ufual^  the  change  was  efieded  as  quickly  as  before ; 

and 
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and  being  in  a  fhort  time  diminifhcd  to  one  fourth 
of  its  bulk,  it  appeared  to  be  nothing  more  than 
phlogifticated  air. 

To  try  the  efFeft  of  the  bladder  in  another  man- 
ner, I  filled  one  quite  full  of  nitrous  air,  and,  tying 
it  up,  confined  it  under  the  ftielf  of  my  trough, 
where  it  was  kept  entirely  covered  with  water ;  but 
diough  it  continued  in  this  fituation  a  whole  week, 
the  quantity  was  not  diminifhed,  nor  was  the  qua- 
lity of  it  fenfibly  changed ;  at  leaft  not  more  than 
would  have  been  the  cafe  if  it  had  been  kept  in  the 
jar  the  fame  length  of  time.  At  the  fame  time  I 
had  filled  another  bladder  with  nitrous  air,  and  tying 
it  up,  had  left  it  with  its  neck  downwards  in  a  fmall- 
quantity  of  water,  fo  that  by  far  the  greateft  part 
of  the  bladder  was  expofed  to  the  common  air. 
The  quantity  of  this  air  was  i mpaired  a  little.  Then, 
without  untying  either  of  the  bladders,  I  left  them 
both  to  fwioi  about  in  my  trough,  and  in  two  days 
only  the  air  in  both  of  them  ha4  nearly  loft  its  pro- 
perty of  dimirvilhing  common  air;  but  ftill  that 
which  had  been  kept  covered  with  water  retained  ra- 
ther nAore  of  its  virtue  than  the  other. 

Since  nitrous  air  had  kept  very  well  when  it  was 
confined  there  in  a  dry  bladder,  or  one  that  was  con- 
ftantly  wet^  I  now  concluded  that  the  diminution  of 
the  air  in  the  bladder  fwimming  about  in  the  trough 

C  c  4  muft 
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muft  have  been  occafioned  by  that  part  which,  m 
this  fituation,  muft  have  been  expofed  to  be  alter- 
nately wet  and  dry,  or  only  partially  moift. 

To  determine  this,  I  filled  two  bladders  quite  full 
of  nitrous  air,  and,  in  order  to  make  a  ficde  varia^ 
tion  in  the  experiment,  had  one  of  them  wetted  iit 
the  infide,  and  the  other  quite  dry ;  and  during  two 
or  three  days  I  wetted  them  two  or  three  times  a 
day,  fuflFering  them  to  become  quite  dry  at  iiTtei^rabb 
After  this  time  they  both  appeared  to  be  (hrunk  to 
about  one  fourth  of  their  dimenfions,  and  the  air 
withia  them  was  become  quite  phlogifticitcd.  At 
the  fame  time  another  bladder  wetted  in  the  inlide 
when  it  was  filled,  but  not  wetted  any  mofe,  conti- 
nued fully  inflated  three  weeks  $  and  being  then  ex- 
amined, the  quality  of  the  air  it  contained  was 
found  to  be  very  litde  impaired.  Bat  I  was  not 
aware  that  if  the  bladder  had  been  kept  conftatfnly 
moift,  the  fame  eSed  would  have  been  produced  m 
much  lefs  time. 

Being  now  fadsfied  with  refpe&  to  the  drcum- 
ftances  in  which  the  nitrous  air  had  been  diminiftied 
in  my  bladders,  I  wiihed  to  afcertain  the  manner  in 
which  the  water  was  affefted  by  that  decoinpofition, 
and  I  (bon  found  that  it  had  acquired  a  confidcrable 
quannty  of  phlogifton.  For  this  principle  was  ita« 
dtly  communicated  to  the  air  contained  in.  the  jars 

diat 


that  ftdod  }a  the  fame  trough  of  water,  and  kd  m- 
jui^d  the  air  contained  in  them>  in  propdrtioh  as 
they  tiad  been  more  or  lefs  dfpoled  to  its  infiu^ce. 

For  example,  the  air  cdntained  in  feversd  jafs 
(landing  in  the  trough  of  water,  in  which  was  ^wirtx-* 
ming  a  large  open  bladder  flUed  with  nitrote  air, 
and  which,  as  it  fiibfklcd  by  the  diminution  of  thfc 
sdr,  had  been  kept  ftipplied  with  frefli  nitrous  air 
from  time  to  time,!  found  to  be,  in  all  of  thetti,  more 
Or  lefe  injured,  and  in  thofe  mbft  of  all  that  were  moft 
expofed  tb  the  body  6f water  in  the  trough;  as 
partictilarly  in  one  jar  that  was  fo  poifed  as  to  fWim 
about  in  it^  and  ahodier  that  Was  placed  with  its 
tnouth  half  orer  the  fhelf.  As  to  thofe  that  flood 
wholly  on  the  ihelf,  the  w^ttr  in  the  inlide  of  them 
had  but  litde  communication  with  the  pMogiliicated 
water  in  die  trough,  and  in  them  the  air  was  but 
little  affe£led. 

It  was  ftill  more  evident  that  the  water,  in  contad: 
with  which  nitrous  air  is  thus  decompofed,  was  be- 
come very  acid. 

Having  put  rain  water  into  a  bladder,  and  filled 
it  up  with  nitrous  air,  I  tied  it  up  very  clofe,  and  left 
k-to  fwim  in  a  bafon  of  water,  taking  care  that  the 
mouth  of  it  was  always  under  the  water.  After  a 
week,  perceiving  that  it  was  fhrunk  up  to  about  one 
fourth  of  its  bulk,  I  opened  it,  carefully  prefling  out 
the  water  into  a  clean  phial ;  when  I  found  the  air 

within 
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within  it  thoroughly  phlogifticated,  not  aflfedting 
common  air  in  the  fmalleft  degree,  and  the  water 
was  exceedingly  acid,  .very  turbid,  a  litde  inclined 
to  yellow,  and  prefendy  made  a  depofit  of  the  fame 
colour. 

This  refult  proves  what  I  was  not  aware  of  at  the 
time>  viz,  that  the  acidifying  principle  in  the  at- 
mofpheric  air,  had  communicated  through  the  blad- 
der with  the  nitrous  air  within  it,  and  by  that  means 
formed  nitrous  acidy  while  the  phlogifton  of  the 
nitrous  air  had,  in  like  manner,  been  communicated 
to  the  acidifying  principle  on  the  outfide  of  the 
bladder,  and  with  it  had  formed  j£v^</  air^  as  I  ob- 
fcrved  afterwards.  The  fame  was  the.  efFcft  when 
inflammable  and  dephlogpifticated  air  were  feparated- 
bv  a  moifl  bladder,  as  has  been  feen« 
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SECTION      I. 

Experiments  and  Obfervations  on  Cbarcoalj  firfi  pub- 
Ufhed  in  the  Pbilofopbical  Tran/aSions,   Vol.  LX. 

p.  211. 

AMONG  the  original  experiments,  publifhed  in 
the  Hiftory  of  Electricity,  was  an  account  of 
the  condudting  power  of  charcoal.  This  fubftancc 
had  been  confidered  by  eleftricians,  in  no  other  light 
than  that  of  more  perfeftly  baked  wood,  which  is 
known  to"  be  ho  conduftor  of  eleftricity.  I  have  even 
heard  of  attempts  being  made  to  excite  it ;   and 

though 
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though  thofe  attempts  were  inefiefhial,  the  ^hire 
of  fuccefs  was^  attributed  to  other  cau(es  than  that 
of  charcoal  being  no  eleftric  fubftance  i  {o  fixed 
was  the  perfuafion,  that  water  and  metals  were  the 
only  conducing  fubftances  in  nature.    The  con- 
fideration  of  the  chemical  properties  of  charcoal^ 
which  are,  in  many  refpefts,  remarkably  different 
from  thofe  of  the  wood  from  which  it  is  made, 
might  have  led  philofophers  to  Ibfpeft,  that  fince, 
after  its  being  reduced  to  a  coal,  it  was  become 
quite  another  thing  from  what  it  was  before,  it 
might  polTibly  difier  from  wood  in  this  property ; 
but  this  conlfderation  had  not  been  fuffidently  at- 
tended to. 

In  the  account  of  my  former  experiments,  I  ob- 
ferved,  that  there  were  very  great  difierences  in  the 
conducing  power  of  charcoal,  and  particularly  of 
wood  charcoal,  though  I  could  not  determine  on 
vHilt  cifcumfbinces  in  the  preparation,  &c.  thofe 
differences  depended.  I  therefore  exprcfftd  a  wifh, 
that  fbme  perfon,  who  had  conveniencies*  for  mak- 
ing chemical  experiments,  would  prc^eoite  the  in-^ 
quiry,  as  one  that  promifed,  not  only  to  afcertain 
the  cauie  of  the  conducting  power  of  charcoal,  but 
perhaps  of  ccndulting  f&wer  uni'^erJaUy.  Not  heap- 
ing that  any  chemift,  or  eledriciao,  has  att^ided  Co 
this  bufinefs,  I  have,  at  length,  refumed  the  fut^ef^ 
though  not  with  every  advant^  that  I  could  have 

wilhcdt 
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wiihed.  I  have,  in  a  great  meafur^  hcvwever,  fuc* 
ceeded  in  the  principal  objeft  of  my  inquiry ;  and 
I  ihaU  now  lay  before  this  ibciety  the  refult  of  my 
experiments  suid  obfervations. 

I  ihall  begin  with  correfting  a  miftake  I  lay  un^ 
der  at  the  time  that  I  made  the  former  experiments. 
Having  been  informed  by  perfoos,  who  attend  the 
making  oifitcbarcMly  that  it  was  confiderably  increaf^ 
ed  in  bulk  after  the  procefs ;  I  imagined  that  all  other 
fubftances  received  an  incrrafe  of  bulk,  when  they 
were  reduced  to  a  coal;'  but  the  firft  experiments 
that  I  made,  convinced  me  of  my  miftake.  All 
vegetable  fubftances  are  confiderably  contra£ted  in 
all  their  dimrnfions,  by  the  procefs  of  coaling,  and 
the  more  perfeA  this  procefs  is  (that  is,  as  will  be 
explained  hereafter,  the  greater  is  the  heat  that  i$ 
a{^)lied  in  the  courfe  of  it)  the  greater  is  the  dimi- 
nution I  have  even  reduced  pieces  of  wood  to 
Ikde  mof€  than  one  fourth  of  their  original  length 
and  breadth^  in  a  common  fire,  by  the  ufe  of  a  pair 
of  haad-beliows  only.  And  this  was  the  cafe  equal-, 
ly  widi  wood  of  the  firmeft  texture,  as  ebony ;  that 
of  a  middle  texcure,  as  oak ;  and  that  of  the  loofeft» 
as  fir,  &c. 

As  axMfture  (and,  I  believe,  fmall  d^;r60s  of 
heat  or  cold)  aSb£bs  wood  much  more  fenfibly 
Mcnfs  the  fibsos  than  akmg  them,  it  might  have 

bceniiippofed,  that  when  wood  was  reduced  to  a 

coal 
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coal  by  the  application  of  a  greater  degree  of  hcat^ 
the  fame  rule  would  have  been  obferved;  but  I 
found  very  litde  difference  in  this  refpeft*  To  af- 
certain  this  circumftancc,  I  took  from  the  fiunc 
board,  two  pieces,  .each  two  inches  and  a  half  in 
length.  In  one  of  them,  the  fibres  were  divided^ 
in  the  other  they  were  not ;  and  after  coaling  them 
thoroughly  together,  in  the  fame  crucible,  I  found 
that  the  former  meafured  2.05  inches,  and  the  latter 
2.15.  Their  conducing  power  could  not  be  di£- 
dnguiihed* 

A  more  particular  account  of  the  degree^  in 
which  wood  is  fhortened  in  coaling,  will  be  feen  af- 
terwards, when  the  variadons  in  this  refpedt  are 
compared  with  the  variations  in  the  power  of  con- 
dufting  eleftricity. 

To  my  great  furprize,  I  found  animal Jubfianees 
not  reduced  in  their  dimenfions  by  the  procefs  of 
coaling.  This,  at  lead,  was  the  cafe  with  fome 
pieces  of  ivory ^  feveral  inches  in  length,  and  a  piece 
oibone.  They  bore  a  very  btenfe  heat  for  many 
hours,  and  came  out  of  the  crucible  confiderably 
4iminifhed  in  weight,  but  hardly  fo  much  as  dis- 
torted in  their  fhape,  as  is  remarkably  the  cafe  with 
wood,  and,  I  believe,  all  vegetable  fubftances. 

In  examining  mineral  fubftances,  I  found  that 
my  information,  mentioned  above,  was  juft.  Coak 
are  viry  much  enlai^  in  their  dimenfions  bjr 

5  charring ; 
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charring ;  but  the  experiment  muft  be  made  with 
great  care,  to  judge  of  thb  circumftance  j  for,  un- 
lefs  the  operation  be  very  flow,  the  coal  will  retain 
nothing  of  its  former  fliape,  having  been  made, 
in  Ibme  meafure,  fluid  by  the  heat  The  infide  of 
all  pieces  of  pit-charcoal  is  full  of  cavities^  and  there 
is  generally  a  very  large  one  in  the  centre  of  every 
piece  s  fo  that  the  dilatation  is  nothing  like  the  ex-» 
tenfion  of  fibres ;  but  is  produced  by  the  elafticity 
of  the  new-formed  vapour,  in  forcing  its  way  ou^ 
while  the  fubfl:ance  is  foft. 

With  refped  to  the  main  objefl:  of  my  inquiry, 
I  prefcntly  fatisfied  myfelf,  that  the  conducing 
power  of  charcoal  depends  upon  no  other  circum- 
ftance  than  the  degree  of  beat y  that  is  applied  in  the 
procefs  pf  making  it.  I  had  not  fufped:ed  this ;  but 
numberlefs  experiments  clearly  proved  it.  Taking 
an  iron  pot,  filled  with  fand,  and  putting  into  it 
pieces  of  wood,  cut  out  of  the  fame  plank,  marfc- 
'  ing  them,  and  carefiilly  noting  their  places  in  did 
pot,  I  always  found  that  thofe  pieces  came  out  the 
bed  condudors,  that  had  been  expofed  to  the  greateft 
heat.  The  refult  was  the  fame  when  I  made  coals 
of  bits  of  wood,  placed  one  above  another,  in  a  gun-: 
barrel,  one  end  of  which  was  made  red  hot,  and 
the  refl:  gradually  cooler  and  cooler.  ^ 

Taking  pieces  of  charcoal  that  conducted  very 
imperfedUy^  or  not  at  all,  I  never  failed  tqgivQ 

theiri 
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diem  the  ftrongeft  coadufting  power^  by  repeating 
Ac  proccfi  of  coaling,  either  ift  a  crucible,  or  in  a 
gun-barrel,  covered  with  fand,  and  kept  in  an  in- 
tenfe  heat*  ^ 

I  could  not  find  diat  die  mere  condnuance  of 
the  (kme  degree  of  heat  had  any  efiedt  with  refpeft 
to  the  condu6|:ing  power  of  charcoal. 

Mr.  Macquer,  and  other  chemifts,  define  char- 
coal to  be  woodbumtdy  xviibokt  being  fujffered  to  flame  i 
but,  widi  refpeft  to  its  condu£king  power,  and,  I 
make  no  doubt,  with  refpcfk  to  aH  its  other  eficndal 
properdes  alfo,  it  makes  no  difference  whether  it 
flame  or  not.  I  have  coaled  pieces  of  wood,  bodi 
in  gun-barrels,  and  in  crudbles,  flighdy  covered 
with  ftnd,  and  have  let  the  inflanunable  vapour  that 
eidialed  from  them  take  fire,  at  various  diftances 
fi^m  the  fubftancfe  s  and  I  have  alfo  put  pieces  of 
wood  in  an  open  fire,  and  urged  the  heat  applied  to 
diem,  with  a  pair  of  bellows;  and  in  ^1  thefe  cafes 
fcnre  found  the  charcoal  equally  good.  In  the  kft 
method,  indeed,  very  littk  of  the  fiibftance  is  pre- 
ferveds  but  die  litde  that  doth  remain,  i^r  it 
hath  ceafed  to  flame,  whether  it  be  quenched  im- 
mediately, or  not,  condu£ts  as  weE  as  any  charcoal 
whatever.  But  we  can  hardly  be  fiire  that  die 
fiunc  degree  of  heat  is  given  to  every  part  of  m 
j»ieoe  of  wood,  except  it  be  expofcd  to  it  for  Ibmc 
tioit)  and  in  an  open  fire^  urged  with  a  pair  of 

bellows^ 
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bellowsj  the  t^ood  waftes  as  fall  as  it  is  red  hot^ 
before  the  center  of  it  is  much  affected  with  the 
heat» 

When  once  any  degree  of  conducing  power  is 
given  to  a  piece  of  charcoal^  I  never  found  that  it 
was  afterwards  ieflened.  A  partial  confuming  of 
it  in  an  open  fire  doth  not  affed  the  remainder^ 
as  I  obferved  in  the  account  of  my  former  experi- 
ments. 

I  had  imagined,  that  ^zJoMitj  of  fubftances  con* 
verted  into  charcoal,  would  have  had  a  very  con- 
fiderable  effect  on  their  condu£ling power  afterwards; 
but  the  conje(5ture  was  not  confirmed  by  experi- 
ment Coals  made  of  the  lighted  woods  conduc- 
ed, as  &r  as  I  could  perceive,  as  well  as  thole 
that  were  made  from  the  mod  foiid,  if  they  had 
been  expofed  to  the  fame  degree  of  heat  in  the 
procefs.  Fine  (havings  of  fir,  the  fine  coats  of  an 
onion,  the  lighteft  foot,  and  every  other  vegetable 
fubftance  that  I  tried,  condu&ed  equally  with  coals 
made  of  oak  or  ebony. 

I  had  imagined,  alfo,  that  the  moment  a  piece 
of  wood  was  become  black  with  heat,  it  was,  to  all 
intents  and  purpofes,  a  real  charcoal;  and,  along 
with  the  other  properties  of  charcoal,  would  con- 
duct ele^icity,  more  or  lefs ;  but  I  found,  by  coal« 
ing  ieveral  pieces  very  flowly,  that  they  would  not 
condudb  in  the  leaft  degree,  not  only  when  they  were 

VoulII.  Dd  made 
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made  fuperficially  black,  but  likewife  when  they 
were  black  quite  through,  and  had  remained  a  long 
time  in  the  heat  that  made  them  (b ;  fo  that  no 
eye  could  diftinguilh  them  from  the  moft  perfedl 
charcoal. 

I  have  fometimes  found  charcoal  in  fuch  a  llate^ 
that  it  would  afTift  the  palTage  of  an  explofion  along 
its  furfece,  when  it  would  not  condu£t  a  fhock  any 
other  way. 

In  order  to  fatisfy  myfelf  in  what  proportions  the 
diminution  of  weighty  the  decreqfe  of  bulky  and  the  con^ 
dulling  power  of  wood  and  charcoal,  correfponded 
to  one  another,  I  took  feveral  pieces  from  the  fame 
plank,  and  having  carefully  weighed  and  mcaiured 
them,  converted  them  into  coal  very  flowly,  and 
by  a  gradual  increafe  of  heat,  on  an  iron  plate^ 
held  on  the  fire,  turning  them  conftandy,  to  pre- 
vent their  catching  fire.  The  following  were  the 
refults. 

A  piece  of  very  old  dry  oak,  weighing  twelve 
grains,  and  which  condudted  in  the  imperfeft  man- 
ner that  wood  generally  does,  from  the  moifture  it 
contains,  was,  after  the  lofs  of  about  one  grain,  no 
conduAor  at  all ;  and  it  continued  the  lame  as  baked 
wood,  till  it  was  reduced  to  four  grains,  when  it 
was  black  quite  through  j  and  even  then,  no  part 
of  it  condufted,  except  one  corner,  where  it  had 
catched  fire. 

Another 
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Another  piece  I  carefully  weighed,  and  meafured 
feveral  rimes  in  the  courfe  of  the  procefs.  At  firft 
it  weighed 

Ot.  Length.  Bread.  Thick. 

z%  its  dimeniions  in  inches  were         a.        .45         .ii 

At   8 a.        .4  .x» 

—    S'S       — ^ — ^'91    -4  .!» 

It  was  now  become  an  imperfeft  conduftor.  I  then 
urged  it  with  a  ftrong  heat,  in  a  crucible,  and  taking 
it  out,  it  weighed  1.75  gr.  and  meafured  1.6  in 
length,  and  .3  in  the  other  dimenfions.  It  was  now 
a  perfed  conductor ;  and  though  I  afterwards  kept 
it  in  a  very  intenfe  heat  feveral  hours,  by  which  it 
was  reduced  to  one  grain  in  weight  its  condufbing 
power  was  not  ienfibly  increafed  \  but  it  was  be- 
come  very  britde,  or  friable. 

It  appears  from  thefe  experiments,  that  thefe 
pieces  of  wood  were  reduced  to  about  one  fourth 
of  their  weight  before  they  would  conduft  at  all  i 
though,  at  the  lame  time,  they  were  diminiftied  in 
length  (i.  e.  along  the  fibres)  only  one  tenth.  The 
breadth  and  thickneis  could  not  be  meafured  with 
fufficient  accuracy  in  thefe  fmall  pieces.  To  make 
them  perfeft  conductors,  they  were  reduced  to  about 
one  tenth  in  weighty  and  one  half  in  length. 

A  variety  of  circumftances  led  me  to  conclude, 
that  the  caufe  of  hlacknejs^  and  of  the  conducing 

Dd  2  power 
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power  in  charcoal^  is  the  oil  of  the  plant,  made 
cmpyreumatic,  and  bumed  to  a  certain  degree.  I 
therefore  conclude  that  thefe  properties  arc  fome 
way  connefted  with  that  part  of  the  inflammable 
principle,  otherwise  called  phlogiflon,  that  is  fixed, 
and  united  to  the  earth  of  the  plant,  when  th6 
union  is  ftrcngthened  by  an  intenle  heat. 

The  fandy  with  which  I  covered  the  fubllances 
that  I  converted  into  coals,  and  alfo  the  pipe-cb^ 
which  I  fometimes  put  over  them,  contrafted  a 
blacknefs  like  charcoal,  and  would  often  coodud: 
pretty  welL  Sometimes  they  would  condud:  it 
Ihock.  This  mull  have  been  owing  to  the  oil  they 
received  from  the  fubftanccs  out  of  which  it  was 
expelled  by  the  heat.  In  the  experiment  of  the 
gun-barrel  filled  with  pieces  of  wood,  mendoned 
above,  the  uppermoft  pieces  were  not  in  the  leaft 
burned.  They  could  hardly  have  been  hots  yet^ 
having  contrat%ed  a  fuperficial  blacknefs,  from  the 
vapour  of  the  oil  expelled  from  the  fwecc  below 
them,  they  would  even  conduft  a  Ihock,  chough 
not  in  the  moft  perfeft  manner. 

Sometimes  thofe  fubilances  that  had  no  phlogil^ 
ton  themfelves,  but  received  it  in  coniequence  of 
being  placed  in  the  neighbourhood  of  other  bodies 
out  of  which  it  was  expelled,  would  not  conduft 
immediately ;  but  would  be  made  to  do  fo  by  be- 
ing expofed  to  a  greater  l^at,.  which  more  tho- 
roughly 
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roughly  burned  the  oil  with  which  their  pores  were 

filled, 

I  put  a  piece  of  a  common  pipe  into  a  crucible,  in 
which  1  was  burning  fome  turpentine  (which  will 
be  mentioned  below)  and  it  came  out  black  quite 
through,  like  a  pipe  in  which  tobacco  has  been 
frequently  fmoked.  In  this  ftate  it  would  not  con- 
dudt  at  all ;  but  putting  it  into  a  crucible,  covered 
with  fand,  I  treated  it  in  the  fame  manner  as  I  would 
have  done  a  piece  of  wood,  in  order  to  coal  it,  and 
it  came  out  a  very  good  condu6tor.  Had  it  been 
burned  in  the  open  fire,  the  pblogifton  would  hav^ 
efcaped,  apd  the  pipe  would  have  been  left  white, 
as  at  firft 

Being  convinced  that  the  conducting  power  of 
charcoal  depended  upon  the  oil,  or  rather  the 
phlogifton  contained  in  the  oil,  and  on  the  degree 
of  heat  with  which  it  was  burned,  I  took  feveral 
methods  to  give  vegetable  fubftances  more  of  this 
principle ;  or  at  lead  endeavoured  to  make  them 
retain  more  of  it  than  they  ufually  do,  in  the  pro- 
cefs  of  coaling.  But  I  had  no  apparent  fuccefs  in 
thofe  experiments, 

I  began  with  plunging  a  piece  of  old  dry  oak  in 
oil ;  and  tjien,  pumping  the  air  out  of  it,  let  it  (land 
in  vacuo  a  day  and  night,  in  which  time  it  feemed 
to  difcharge  a  great  quantity  of  air  i  after  which  I 
let  Ac  air  into  the  receiver,  and  thereby  forced  the 
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oil  into  its  pores.  But  the  coal  from  this  wood 
was  not  fenfibly  better  than  others.  The  appli- 
cation of  heat  may,  perhaps,  expel  the  phlogifton 
in  fuch  a  manner,  that  the  refiduum,  being  fully 
iatu  rated,  can  retain  no  more  than  a  certain  pro* 
portion.  I  made  coals  of  other  pieces  of  wood, 
when  they  were  covered  with  cement ;  and  I  alfo 
coaled  feveral  pieces  together,  that  they  might  re- 
ceive phlogifton  from  one  anodierj  but,  in  both 
cafes,  without  any  fenfiblc  improvement  in  the 
quality  of  the  coal. 

In  order  to  prevent  the  efcape  of  the  phlogifton 
belonging  to  the  fubftance  to  be  reduced  to  a  coal, 
I  put  fome  pieces  of  wood  into  a  gun-barrel,  and 
corked  it  as  clofe  as  I  could,  at  the  fame  time  cover- 
ing the  cork  with  cement.  In  this  cafe  the  rare- 
fadion  of  the  exhaling  vapour  never  failed  to  drive 
the  cork  out }  but  it  muft  have  been  after  a  con- 
fiderable  refiftance  to  its  efcape.  However,  I  could 
not  perceive  any  peculiar  excellence  in  the  charcoal 
made  in  this  manner. 

I  do  not,  indeed,  know  any  method  in  which 
differences  in  fubftances  that  conduft  fo  well  as 
thefe  can  be  accurately  tried,  at  leaft  none  that  can 

« 

be  applied  in  this  cafe.  The  charcoal  I  can  make 
in  a  common  fire,  by  the  ufe  of  a  pair  of  hand-bel- 
lows, I  cannot  diftinguifh,  with  refpefk  to  its  con- 
dufting  power,  from  the  moft  perfect  metals,  gold 

and 
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and  filver;  either  by  the  length  of  the  eleftric 
iparky  the  colour  of  it,  or  the  found  of  the  explo- 
fion.  I  make  no  doubt  but  that  wood,  in  the ,  pro- 
cefi  of  coaling,  may  eafily  have  a  degree  of  con- 
dudiing  power  c6mmunicated  to  it,  exceeding  thdt 
of  lead,  iron,  or  the  other  more  imperfeft  me- 
tals. 

We  may,  perhaps,  be  guided  in  our  conjedures 
on  this  fubjeft,  by  confidering  the  degree  of  beat 
that  is  neceflary,  either  to  unite  the  p^ilogifton  to  its 
bafe,  or  to  feparate  them,  both  in  the  cafe  of  wood, 
and  the  different  metals.  Lead  is  very  eafily  cal- 
cined, and  it  is  alfo  known  to  condudt  eleftricity 
very  imperfedtly.  Iron  foon  turns  to  ruft  i  and  its 
condu£ting  power  I  found  to  be  very  fmall,  in  com- 
parifon  with  that  of  copper,  or  the  more  perfefl: 
metals.  If,  therefore,  in  making  charcoal,  a  degree 
of  heat  be  applied  greater  than  is  neceffary  to  cal- 
cine or  revive  a  metal,  we  may  perhaps  conclude, 
that  the  conducing  power  of  the  charcoal  will  be 
luperior  to  that  of  the  metal.  As  it  may  be  poflible 
to  give  charcoal,  when  cut  off  from  any  communi- 
cation with  the  external  air,  a  greater  degree  of  heat 
than  filver  or  gold  would  bear  without  being  dif- 
fipated  in  vapour ;  it  may  even  be  poffible  to  make 
charcoal  that  (hall  conduft  eledtricity  better  than 
thofc  mod  perfedk  metals, 

D  d  4  Had 
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Had  there  been  any  phlogifton  in  water,  I  fhouid 
have  concluded,  that  there  had  been  no  condu&ing 
power  in  nature,  but  in  confequence  of  fome  uoioa* 
of.  this  principle  with  fome  bafe.  In  this,  metals 
and  charcoal  exadly  agree.  Whik  they  hj&ve 
phlogifton,  they  condud  ^  when  deprived  of  it,  they 
will  not  conduft*. 

I  believe,  however,  that  aH  vegetable  or  animal 
fubftances,  that  contain  phlogifton,  may  be  reduced 
to  a  coal ;  and  if  the  heat  applied  in  the  procefs  be 
fuificient,  that  coal  will  condud  ekdb-icity.  Fkfb, 
glue,  bones,  and  other  parts  of  an  animal  body^ 
make  good  conducing  charcoal. 

The  only  approach,  or  feeming  approach,  I  ever 
made  towards  retaining  more  phlogifton  than  ufbal* 
in  wood  reduced  to  a  coal,  was  by  the  fiownefs  of 
the  procifs.  For  I  always  found,  that  if  the  heat 
was  applied  very  gradually,  lefs  volatile  phlogifix>n, 
i.  e.  lefs  inflammable  air  was  expelled ;  and  there^ 
fore  I  fuppofe  that  more  of  it  was  fixed.  I  could 
never  afterwards,  by  equal  degrees  of  heat,  make 
this  coal  to  weigh  as  little  as  another  that  was  fitft 
coaled  by  a  fudden  heat.  This  agrees  with  thofe 
experiments  in  which  more  air  was  got  from  various 

*  As  water  attra^s  dq>hlogift]cated  air  from  the  atmofpberc, 
vhieh  is  the  property  of  all  fubftances  containing  phlogifton,  it  is 
probable  from  this  circumftancc,  as  wcO  from  its  condudiiig  elec^ 
tridty  as  metals  do,  that  like  them  it  alfo  contains  phlogifton. 

c  fubftances 
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fubftances  by  a  heat  fuddcnly  applied,  than  by  thd 
lame  degree  of  heat  applied  more  flowly. 

I  took  two  pieces  of  dry  oak,  the  contiguous 
parts  of  the  fame  ftick,  each  weighing  exafbly  four<* 
teen  grains.  One  of  thefe  I  heated  fuddenly.  It 
yielded  eight  ounce  meafures  of  inflammable  air, 
imd  then  weighed  two  grains^  .The  other  I  heated 
flowly,  but  aa  vehemently,  at  the  laft,  as  the  other* 
It  yielded  only  one  ounce  mcafurc  and  a  halC  and 
weighed  three  grains. 

I  repeated  the  fame  experiment  feveral  times,  and 
always  with  nearly  the  fame  refqlt, 

Ejt^mining  the  conducting  power  of  the  pieces 
fj/i  charcoal  made  with  thefe  different  circumftances 
in  the-  procefs,  I  could  not  diftinguifh  which  was 
l)etter.  Perhaps  ^  more  accurate  method  of  trying 
them  might  fhow,  that  thofe  which  were*  coaled 
flowly  were  the  better  conduftors  i  unlefs,  which  is 
not  improbable,  the  goodnefs  of  the  conducing 
power  confifts  in  the  completenefs  of  the  union  that  is 
produced  between  the  inflammable  principle  and  its 
baie,  which  will  depend  upon  the  d^ee  rfbeai  on^ 
ly,  and  not  on  the  quantity.qf  phlogifim  thus  united  to 
the  earth. 

N.  B.  To  catch  the  inflammable  air,  fet  loofe  in 
making  charcoal,  I  put  the  fubftances  into  a  gun 
barrelji  to  which  I  luted  a  long  glafs  tube,  and  to 

the 
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the  tube  I  &ftened  a  bladder^  out  of  which  die  zxt 
was  carefully  preiled. 

As  metals  and  charcoal  agree  in  conliiting  of 
phlogifton  united  to  an  earthy  bafe,  and  aUb  in  con* 
dufting  ele£h-icicy,  I  fufpeded  that  thefe  two  difix^r* 
ent  fubftances  might  alfo  agree  in  their  readineis  to 
expand  by  heat.  Mr.  Smeaton  was  fo  obliging  as 
to  aflift  me  in  my  attempts  to  afcertain  this  circum* 
fiance^  by  the  application  of  his  excellent  pyrometer. 
Though  we  could  not  make  the  experiment  with  all 
the  exaftnefs  that  we  could  have  wifhed,  yet  the 
refult  of  near  thirty  trials  was  uniformly  in  jfavour 
of  the  greater  degree  of  expanfion,  by  heat^  in  the 
charcoal,  than  in  wood  of  the  fame  kind  (as  we 
imagined)  out  of  which  it  was  made.  In  general^ 
the  expanfion  of  the  charcoal  was  about  double  to 
that  of  the  wood. 

It  is  evident,  that  a  certain  degree  of  heat  makes 
wood  and  charcoal  expand  ;  and  alfo  that  a  greater 
degree  of  heat  makes  them  contra£b.  I  wilh  we  had 
an  inftrument  to  afcertain  the  precife  degree  of  heat,  at 
which  the  expanfion  ceafes,  and  the  contraftion  be- 
gins J  and  whether  the  two  effedts  be  produced  by 
the  fame  gradation. 

In  the  courfe  of  thefe  experiments  on  diarcoal, 
I   met  with  a  fubftance,  the  condu6ting  power  of 
which  is  fingularj  and  exhibits  a  beautiful  appear- 
ance 
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ante;.  In  order  to  fee  what  would  remain  after 
burning  a  quantity  of  turpentine  in  a  glafs  tube,  I 
covered  it  with  fand,  in  a  crucible,  in  the  fame  man- 
ner in  which  1  ufed  to  make  charcoal ;  and,  after 
letting  it  continue  a  fufficient  time,  in  a  very  hot 
fire,  and  after  the  flame  had  long  ceafed,  I  ex- 
amined the  tube,  and  found  that  it  had  been  melted ; 
but,  inftead  of  any  thing  like  charcoal,  or  the  Icaft 
blackneis,  I  obferved  that  the  tube  was  uniformly 
lined  with  a  wbitijb  glojfy  matter ^  which  I  could  not 
fcrape  off.  Upon  trying  whether  it  would  condqdt 
dedhicity,  I  found  it  tranfmitted  the  fmallcfl:  fhocks 
to  a  confiderable  diftance ;  and,  what  appeared  very 
T^markable^  the  path  of  the  explofion  was  luminous 
all  the  way,  and  feemed  to  confift  of  a  prodigious 
number  of  fmall  ieparate  fparks,  fcattered  to  a  great 
diftance,  exhibiting  fuch  a^n  appearance  a$  wo\]ld  be 
made  by  firing  gunpowder  fcattered  carejefsly  in  a 
line.  The  explofion  very  much  refcmbled  the  fir- 
ing of  a  fquib.  To  compare  it  to  another  elefbric 
appearance,  it  was  like  the  explofion  pafilng  over  a 
thm  furface  of  gilding. 

I  imagine  that,  ^though  I  could  not  perceive  any 
interruption  in  this  white  coating,  not  even  by  the 
help  of  a  microfcope,  it  muft,  in  fa£):,  have  been 
fijll  of  interftices,  and  the  eledric  fparks  could  only 
be  vifiblq  in  paffing  from  one  conducing  particle  to 
another. 


In 
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In  this  experiment,  I  often  got  pieces  of  glafi 
very  imperfedtly  covered,  with  mtervak  in  the  white 
coating  very  large  and  vilible  j  but,  though  I  ex- 
poied  the  fame  pieces  of  glafs  to  catch  nK>re  of  this 
matter,  I  never  could  get  a  coating  of  it  fo  thick, 
but  that,  in  tranfmitting  the  electrical  exploTion 
through  it,  it  exhibited  the  fame  luminous  appear- 
ance, as  if  there  were  interftices  in  the  circuit. 

I  got  the  fame  matter  from  oil  of  tmfentine^  and 
oil  of  oUves  I  but  not  from  his-wax,  OTj^ermaceti 
ml.  Perhaps  it  cannot  be  got  from  any  animal 
fubftance. 

In  order  to  obferve  the  progrefs  of  this  incrufta- 
tion,  I  poured  oil  of  turpentine  on  fome  flat  pieces 
of  glafs,  and  burned  them  on  an  iron  plate,  in  the 
©pen  fire,  the  heat  being  moderate ;  but  the  effWk 
was  a  black  covering,  like  foot,  which  would  not 
conduA  in  the  lead.  But  thefe  fame  pieces  of  glals, 
thus  covered  with  the  black  coating,  being  put 
into  a  crucible  full  of  land,  and  urged  with  a  ftrong 
heat,  came  out  white,  and  conducted  exadUy  as 
before. 

With  a  Icfi  degree  of  heat,  the  black  covering 
was  changed  to  white ;  but  it  did  not  adhere  fb  firm- 
ly to  the  glafs  as  when  the  heat  had  been  greater ; 
though  it  adhered  more  clofely  than  the  black  co- 
vering, which  might  be  wiped  off  with  a  feather. 
But  this  white  coating,  produced  by  a  moderate 

heat,  would  not  condud  at  all. 

In 
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In  fome  cafes  I  have  found  this  whitilh  mat- 
ter to  be  dilperied  by  fcveral  cxplofions,  as  Dr. 
I^ranklin  fpund  gilding  widi  leaf-gold  to  be.    . 

In  whatever  manner  the  pieces  of  glals  were  co- 
vered, the  coating  vanifhed  when  it  was  made  red 
hot  in  an  open  fire  s  and  the  glafs  that  remained 
would  not  condudl,  any  more  than  it  did  before. 
This  circumftance  exafUy  refembled  the  efcape  of 
phlogillon  from  charcoal  and  metal,  burned  in  the 
open  air. 

In  a  microfcope,  this  whirifli  matter  looked  er- 
aftly  like  metal,  or  rather  fome  of  the  femi- metals, 
having  a  bright  polifh,  though  it  foon  became,  as 
It  were,  tarniflied. 

To  try  whether  it  was  metal,  I  dipped  the  pieces 
ofglais  that  were  covered  with  it  in  the  acids ^  but 
found  that  they  had  litde  or  no  effefb  upon  it,  though 
it  is  by  no  means  fixed  in  the  pores  of  the  glafs,  but 
covers  it  quite  fuperficially. 

It  was  not  in  the  leaft  afFeAed  by  the  magnet. 
Upon  the  whole,  the  matter  that  forms  this  coating 
of  the  glafs  feems  to  be  a  kind  of  charcoal,  only 
wlute,  inftead  of  black. 
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SECTION     II. 

Experiments  on  Air  from  Charcoal. 

THE  exairiination  of  charcoal  is  now  conlidered 
as  an  objedt  of  peculiar  importance  in  che- 
miftry ;  and  ever  fince  I  had  difcovered  it  to  be  one 
of  the  beft  conduftors  of  eleftricity  I  have  given  par- 
ticular attention  to  it.  The  moft  important  of  the 
experiments  that  I  have  made  relpeding  it  fince 
my  more  early  publications,  will  be  found  in  the  ac- 
count that  I  have  given  of  the  decompofition  of  it 
by  fteam  in  a  ftate  of  ignition.  In  this  fe£tion  I  fhall 
comprize  a  variety  of  mifcellaneous  obfervations, 
fome  of  more,  and  others  of  lefs  importance.  Some 
of  them  alio  are  repetitions  of  former  experiments, 
but  made  with  a  better  apparatus,-  and  with  an  at- 
tention to  more  circumftances. 

The  quantity  of  air  to  be  expelled  by  heat  from  dry 
wood  I  have  frequently  eftimated ;  but  having  now, 
by  the  afliftance  of  Mr.  Wedgwood,  the  advantage  of 
doing  every  thing  of  this  kind  in  veiy  compadt  earthen 
retorts,  which  themfelves  give  no  air,  it  may  be 
worth  while  to  mention,  that  from  five  ounces  of 
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dry  oak  I  got  650  ounce  meafures  of  air,  of  which 
about  one  hal^  nearly  a  third,  that  came  at  firft 
was  fixed  air,  the  remainder  being  inflamniable, 
and  the  lafr  portions  wholly  fo. 

The  property  that  charcoal  has  of  abforbing  air 
is  a  remarkable  circumftance,  firft  diftinftly  ob- 
ferved  by  the  Abbe  Fontana ;  but  ftill  there  are  fe- 
veral  particulars  relating  to  this  experiment,  fuch  as 
the  time  in  which  the  air  is  imbibed,  and  the  qua- 
lity of  it  when  it  is  again  expelled  by  heat^  &c.  that 
are  not  undeferving  of  notice.  And  though  I  have 
not  purfued  this  fubjedt  with  much  regularity,  I 
have  occafionaUy,  and  at  different  dmes,  made  ob- 
fervadons  of  this  kind,  of  which  I  fhall  here  give 
an  account ;  propofing  to  refume  the  experiments, 
and  to  purfue  them  farther. 

From  789  grains  of  charcoal,  from  which  all 
sdr  had  been  expelled,  and  which  had  been  expofed 
to  the  atmofphere,  1  got  thirty  ounce  meafures  of 
air,  no  part  of  which  Was  fixed  air,  but  all  phlo* 
gifticated,  exdnguifhing  a  candle ;  being  of  die  ftan* 
dard  of  1.7.  Probably  pure  air  had  been  imbibed 
in  preference  to  any  other ;  becaufe  when  it  has 
been  made  to  imbibe  dephlogifticated  air  only,  it 
comes  out  again  pardally  phlogifticated.  I  found, 
however,  confiderable  varieties  in  the  quality  of  iur 
emitted  by  charcoal,  after  being  expofed  to  the  open 

air. 
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wr,  as  well  as  other  circumft^nces  of  fome  confc- 
quence  relating  to  the  experiment. 

From  680  grains  of  charcoal,  which  had  been 
heated  four  times  before,  I  got  forty  ounce  Dieafures 
of  air,  of  which  the  flighteft  portion  imaginable  was 
fixed  air.  Of  the  reft,  towards  the  middle  of  ^ he 
proceis,  the  ftandard  was  1.4^,  and  the  laft,  1.52. 
The  next  day,  without  changing  the  retort,  or  mov- 
ing it  from  its  place,  having  only  left  it  with  its 
mouth  open,  to  give  it  an  opportunity  of  attra£ling 
more  air,  I  heated  it  again,  and  got  about  two  ounce 
meafures  of  air,  of  the  ftandard  of  1,5.  This  waa 
much  le{s  than  I  had  expeded.  I  then  tied  a  blaid-> 
der  to  the  mouth  of  the  retort  the  moment  it  ceafed 
to  give  air.  But  though  the  charcoal  was  fliaken 
out  of  the  retort  into  the  bladder  when  it  was  cold, 
very  little  air  had  been  abforbed  by  it.  It  then 
Weighed  560  grains.-  But  having  been  thus  expofed* 
to  the  open  air,  though  for  a  fliort  fpace  of  time,  on 
being  a^in  immediately  fubje&ed  to  heat,  it  gave 
fifty  ounce  meafures  of  air,  the  ftandard  of  which 
varied  indifferent  periods  of  the  procefs,  in  the  fol^ 
lowing  order:  1.54,  1.58,  1.7,  1.6,  and  about  one 
twentieth  of  the  whole  was  fixed  air.  Why  thil 
fame  charcoal  iho\ild  give  fifty  ounce  meafures  of 
air  now,  and  only  forty.beforc,  I  cannot  tell.  Pro* 
bably  a  litde  moifture  had  been  attraded  by  it 

Being 
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Being  willhlg  to  afcettain  the  weight  that  was 
gradually  gained  by  charcoal^  in  conieqvtence  of  be* 
ing  expofed  to  the  open  air  1  dn  the  4th  of  Septem* 
ber  I  left  in  an  open  difh  charcoal  frefh  made  from 
dry  oaky  weighing  -  364  grains 

The  next  day  it  weighed        »-  390 

Two  or  three  days  after,        -  397 

The  24th  of  Oftober  following         419 
The  26th  of  April  -  42 1 

It  appears,  therefore,  that  charcoal  frefh  made, 
only  abforbs  about  half  as  much  air  on  its  firil  ex- 
pofure  to  the  atmofphere  as  it  does  in  a  courfe  of 
time  afterwards. 

Judging  that  this  charcoal  would  not  now  acquire 
any  niore  weight,  I  fubje^d  it  to  heat  in  an  earthen 
retort  s  and  having  got  from  it  a  quantity  of  air 
that  was  conliderably  phlogiilicated,  found  that  ic 
weighed  312  grains,  but  the  reto^  appeared  to  be 
cracked. 

Having  left  the  fame  charcoal  expofed  to  the 
open  air  a  whole  year,  I  weighed  it  again,  and 
found  it  to  be  '371  grains.  That  this  charcoal 
ihould  be  reduced  to  leis  weight  than  it  had  been 
at  the  beginning  of  the  procefs,  I  could  not  account 
Ibr  at  that  tinie  ;  but  I  now  do  it  by  fuppofing  that, 
together  wkh  air^  fome  tnoifture  had  been  imbibed  $ 
and  this  would  help  to  decompofe  the  charcoal, 
when  it  was  fubjedicd  to  the  fire  again,  as  is  explained 
Vot,  III.  E  e  in 
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m  a  preceding  article.  It  may,  however,  be 
determined  whether  the  air  expelled  from  char- 
coal by  heat,  be  the  air  which  ic  had  imbibed, 
or  that  which  was  formed  by  the  decompofition  of 
the  charcoal  by  means  of  water.  For  this  will  be  . 
inflammable  air,  whereas  the  other,  as  appears  by 
thefe  experiments,  will  be  partially  phlogifticated. 

Having  gone  through  another  procefs  of  expofing 
charcoal  to  air,  and  then  expelling  air  from  it  by 
heat,  I  (hall  here  note  the  particulars  of  it. 

From  two  ounces  of  pounded  charcoal,  on  the;, 
aoth  of  January,  I  expelled,  by  means  of  a  ftrong 
heat,  3  36  ounce  meafures  of  air,  and  weighing  it 
immediately  afterwards,  found  it  to  be  756  grains. 
On  the  23d  It  weighed.817  grains,  after  being  ex- 
pofed  on  a  plate,  fo  as  to  lie  about  half  an  inch  in 
depth.  The  air  expelled  from  it  was  about  one 
tenth  fixed  air.  This  charcoal  I  expofed  tO^  the 
fire  feveral  times,  the  laft  time  on  the  28  th  of  June  in 
the  year  following,  immediately  after  which  it 
weighed  711  grains.  Some  of  the  air  that  I  got 
from  this  charcoal  was  inflammable,  burning  with  a 
lambent  blue  flame,  which  ihews  that  moifture  had 
been  imbibed  by  the  charcoal. 

I  have  obferved,  that  when  charcoal  has  imbibed 
air,  it  will  give  it  out  again,  at  leaft  In  part,  on 
being  plunged  in  water,  as  well  as  by  being  ex- 
pofed to  heat    I  again  plunged  into  water  pieces  of 

charcoal^ 
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charcoal^  both  perfeftiy  and  imperfeftly  made^  af- 
ter having  been  fome  day$  expofed  to  the  open  air^ 
and  found  that  the  air  they  gave  out  in  this  way  was 
in  both  cafes  common  ain  it  is  evident^  there- 
fbrcj  that  the  degree  of  phlogifticadon  in  the  air, 
expelled  by  heat,  is  owing  to  the  decompofidon  of 
thecharcoaL 

Having  repeated  the  Abbe  Fontana's  experiments, 
by  introducing^  hot  charcoal  through  mercury,  into 
veflels  cont^ning  difierent  kinds .  of  air,  and  being 
willing  to  recover  by  diftillation  the  mercury  that 
had  been  imbibed  by  the  different  pieces  of  char- 
coal, I  at  the  fame  time  took  fome  notice  of  the  air 
that  came  from  them.  The  quantity  of.air  was 
very  confiderable,  but  1  took  no  cxa6l  account  of  it. 
With  rei^^dt  to  its  quality,  it  was  partially  phlo- 
giilicated,  the  ftandard  of  it*  being  about  1.6, 
though  the  lail  that  came  was  inflammable. 

In  my  experiments  relating  to  inflamniable  air, 
I  made  feveral  on  the  decompofition  of  charcoal  in 
the  fun,  the  general  refults  of  which  are  there  men- 
tioned ;  but  as  the  particulars  were  not  many,  I 
Ihall  here  recite  them.  It  is  only  to  be  obferved, 
that  at  the  time  that  I  made  them  I  was  under  a 
miftake  with  reipe£t  to  the  origin  of  the  air  I  pro-^ 
cured,  imagining  it  to  proceed  wholly  from  the 
charcoal  i  whereas  I  afterwards  found  that  a  degree 
of  moifture,  to  which  I  had  not  then  attended,  was 

Ee  a  necefTary 
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necei&ry  to  the  formation  of  that  air.  Thefe  ex- 
periments were  all  made  by  the  heat  of  the  fun  in 
vacuo. 

Four  grains  of  charcoal  treated  in  this  mannefj 
yielded  twenty  ounce  meafures  of  air,  all  inflamma- 
ble, except  that  it  barely  made  lime  water  a  litde 
turbid ;  but  without  any  diminution  that  i  could 
meafure.  At  another  time  four  grains  of  charcoal 
gave  twenty  four  ounce  meafures  of  air,  no  part  of 
which  was  fixed  ain 

I  entirely  difperfed  one  grain  of  charcoal  in  va- 
cuo, and  it  gave  fix  ounce  meafures  of  air,  with- 
out the  (lighten  appearance  of  its  containing  any 
fixed  air.  This  charcoal  had  been  long  expofcd  to 
the  open  air,  and  on  that  account  would  ^ve  out 
more  air  than  it  otherwife  would  have  done. 

Four  grains  and  a  half  of  charcoal  gave  twenty 
two  ounce  meafiires  and  an  half  of  air  $  and  lafUy^ 
'three  grains  and  three  quarters  gave  twenty  three 
ounce  meafures  and  an  half  of  air,  without  the  leafl 
portion  of  fixed  air  in  it, 

I  fhall  dofe  this  account  with  an  experiment,  in 
which  I  proceeded  to  take  the  Specific  gravity  of 
the  air  which  I  got  in  thefe  procefles^  without  at 
die  time  drawing  a  very  obvious  conclufion  from 
it.  From  about  two  grains  and  a  half  of  charcoal 
of  oak,  I  got  fifteen  ounce  meafures  and  a  half  of 
bflammablc  air,  no  part  of  which  was  fixed  air,^ 

and 
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auid  weighing  this  air,  I  found  that  twenty  ounce 
meafiires  of  it  weighed  four  grains  and  a  quarter 
lefs  than  the  fame  bulk  of  common  air.  Accord- 
ing to  this  proportion,  the  fifteen  grains  and  an  half 
of  inflammable  air  Qught  to  have  weighed  5.96 
gnuns,  which  is  much  more  than  the  weight  of  die 
charcoal  But  though, I  made  this  very  obierva^ 
don  ac  diQ  time,  I  did  not  then  infer,  that  water 
mufl  enter  into  the  compofition  of  thi9  air,  having 
no  fufpicion  that  the  water  at  the  bottom  of  the  re- 
ceiver, feveral  inches  below  the  place  on  which  tht 
ch^coal  was  ezpofed  to  the  heat  of  the  lens,  could 
be  attrafted  by  it.  Had  not  fublequent  experi«- 
tnents  ihewn  me  the  real  nature  of  this  toflamma- 
bk  air,  this  experimeitit  4nufit  have  remained  inex« 
liable  by  me.  At  the  time,  I  imagbed,  I  believe, 
that  the  additional  weight  of  the  air  was  owing  to 
the  extraneous  water  which  it  had  imbibed  in  being 
transferred  from  one  veflel  to  another. 

Having  made  the  preceding .  e^cperiments  with 
charcoal  from  woody  I  ihade  a  fimilar  one  with  that 
from  pU-coaly  and  I  found  that  a  piece  of  it,  heated 
in  vacuo,  yielded  four  ounce  meaiures  of  air,  after 
having  loH  fpmething  k&  than  a  ^rain  in  weight; 
The  air  had  in  it  a  fmall  quandty  of  fi^^ed  air,  but 
che  reft  was  all  inflammable.  The  charcoal  had 
been  a  Jong  ditie  ejcpofed  to  the  comiPQt)  air; 

Ee  3  After 
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After  the  preceding  experiments  with  charcoal^ 
it  occurred  to  me  to  vary  them  by  making  ufe  of 
foot ;  but  I  was  much  furprized  indeed,  to  find  that 
it  was  a  fubftance  very  different  from  charcoal, 
with  which  at  firfl  fight  it  might  feem  rig^t  to  clafs 
it ;  for  it  contained  a  portion  of  pure  air.  A  quan* 
tity  of  it  being  put  into,  an^  earthen  retort,  and  ex« 
pofed  to  a  ftrong  heat,  yielded  air  io  pure,  that 
with  equal  quantities  of  nitrous  ^r,  the  teft  was  0.5, 
a  degree  of  purity  far  exceeding  that  d  common 
sun  There  was,  however,  fome  inflammable  air 
mixed  with  it,  which  made  it  bum  with  a  flight 
blue  flame* 

•  Taking  fome  of  this  foot  from  which  air  had 
been  expelled  by  heat,  I  again  expofed  it  to  the 
heat  of  a  burning  lens  in  vacuo,  and  from  a  grain 
and  a  half  of  it  got  fix  ounce  meafures  of  air,  all  in* 
^mmable,  and  burning  with  a  blue  flame,  without 
any  fixed  air  in.  it.  It  was,  therefore,  after  the  for* 
mer  experiment,  z  xrut  charcoal,  but  not  before. 
.  Some  experinients  I  made  with  Romberg s  Pyrg^ 
fbcrusy  .being  fimilar  to  thoie  made  with  charcoal, 
I  fhall  add  them  here. 

-  Hontberg's  Pyropborus  i»a  fubflance  liable  to  be 
fpoiled  by  expofurc  to  the  air.  I  prepared  fome  of 
•it,  with  a  view  to  obferve  what  it  imbibed  from  the 
air>  and  with  ii  I  made  the  following  experiments. 

It 
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It  was  compofcd  of  two  parts  burned  alum>  one  of 
&lt  of  tartar,  and  one  of  charcoal.  About  two 
ounce  meafures  of  this  pyrophorus  I  fuffered  to 
burn  in  the  open  air ;  and  then  in  an  earthen  retort, 
I  extradted  from  it  144  ounce  meaiures  of  air,  of 
which  one  half  at  the  firft  was  fixed  air,  but  at  the 
laft  very  litde.  The  refiduum  of  the  firft  portion 
extinguifhed  a  candle,  but  that  of  the  1^  burned 
with  a  lambent  blue  flame.  When  examined  with 
nitrous  air,  both  the  refiduums  were  of  the  ftandard 
of  about  I.8.  * 

,  The  pyrophorus  was  then  kept  two  days  in  the 
retort,  with  its  mouth  in  mercury,  and  then  being 
taken  out,  it  prefently  grew  hot,  and  burned  as  well 
as  ever.  Immediately  before  the  burning  it  weighed 
428  grains,  immediately  after  it  449  grains.  Hav-^ 
ing  been  fpread  thin,  and  expofed  to  the  atmoiphere, 
the  next  morning  it  weighed  828  grains;  but  wheii 
well  dried,  it  weighed  only  486  grains.  It  was 
then  fubjeAed  to  a  greater  heat  than  before,  and  it 
yielded  no  ounce  meafures  of  air,  the  firft  portions 
of  which  were  half  fixed  air ;  but  the  lait  contained 
very  litde,  and  burned  wich  a  lambent  blue  flamci 
The  fubftance  then  weighed  396  grains. 

Afterwards  I  took  a  quantity  of  pyrophorus, 
which  would  not  take  fire  in  the  open  air,  and  heat- 
ing it  in  an  earthen  retort,  found  five  fevenths  of 
the  firft  part  of  the  produce  fixed  air  \  but  this  pro- 

E  e  4  portion 
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portion  gradually  diminifhed,  till  at  lail  nine  tenths 
of  the  whole  wa6  inflammable  air,  burning  with  a 
lambent  blue  flame.  This  inflammable  air  beiog 
decompofed  with  an  equal  quantity  of  dephlogifli- 
cated  air,  yielded  0.86  of  a  meafure  of  fixed  ain 

Another  quantity  of  pyrophorus,  which  had 
burned  very  well>  and  which,  during  the  burning, 
^d  ifi  two  days  expofure  to  the  atmoiphere  after- 
wards, had  acquired  132  grains  in  weight,  being 
9gain  expoftd  to  heat  in  an  earthen  reton^  gave  an 
hiindred  and  eighty  ounce  meafures  of  air,  of  which 
the  firft  portion  was  three  ievenths  fixed  air,  and 
the  reft  phlo^fticated.  But  afterwards  one  half  only 
wais  fixed  air,  and  the  reft  inflammable,  burning 
with  a  lambent  flame,  and  at  laft  it  was  wholly  in-- 
flammable.  When  this  pyrophorus  was  cool»  it 
took  fire  again  by  expofure  to  the  open  air,  but  not 
ivithout  the  afliftance  of  fome  external  heaL  It 
had  been  red  hot  throu^  its  whole  mais  at  the  firft 
burning  of  it;  and  had  continued  io  a  confiderable 
time,  after  which  the  iiir&ce  of  it  was  flighdy  co- 
vered with  white  aflies ;  but  all  the  infide  was  as»  ' 
black  as  ever  it  had  beeiu 
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SECTION     IIL 
JOf  the  Charcot^  (f  Maats, 

HAV I N  G  tranfmitted  ft^am^  or  the  vapour  of 
water,  through  a  copper  tube,  I  was  willing 
to  try  the  effefts  oijfirit  of  wine  through  the  fame 
tube  when  red  hot^  as  I  had  before  procured '  in- 
flammable air  by  fending  the  lame  vapour  through 
a  red  hot  tobacco-pipe.  In  this  cafe,  tlie  vapour 
of  the  fpirit  of  wine  had  no  fboner  entered  the  hot 
copper  tube,  than  I  was  perfedly  aftoniihed  at  the 
rapid  produ£tion  of  air.  It  refembled  the  blowing 
of  a  pair  of  bdlaws.  But  I  had  not  ufed  four 
punces  of  the  Ipirit  of  wine  before  I  very  uncxpeft- 
edly  found,  that  the  tpbe  was  perforated  in  ieveral 
places ;  and  prefendy  afterwards  it  was  fo  far  deilroy^ 
ed,  that  in  attempting  to  remove  it  from  the  fire  it 
a£hially  fell  in  pieces.  The  infide  was  full  of  a 
black  (boty  matter  reiembling  lamp-black. 

Upon  this  I  had  recourfe  to  earthen  tubesy  and 
found,  that  by  melting  copper  and  other  metals  in 
them,  and  tranfmitdng  the  vapour  of  fpirit  of  win^ 
in   contaft  with  them,  different  fubftances  were 

I  formed 
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formed  according  to  the  metals  employed.  The 
new  fubftances  hereby  formed  may  be  faid  to  be 
the  feveral  metals  fuperfaturated  with  phlogifton, 
and  may  perhaps  not  be  improperly  called  the 
charcoal  of  the  metiUs. 

That  this  appellation  is  not  very  improper,  may 
appear  from  thefe  fubftances  yielding  inflammable 
air  very  copioufly  when  they  are  made  red  hot, 
and  the  fteam  of  water  is  tranfniitted  in  contaft 
with  them,  juft  as  when  the  charcoal  of  wood  is 
treated  in  the  fame  manner. 

In  order  to  make  farther  obfervations  on  the 
nature  of  this  procefi,  I  put  the  copper  into  an 
earthen  tube,  on  which  I  had  not  found  the  vapour 
of  fpirit  of  wine  to  have  any  a6tion,  though  itfelf 
was  decompofed  b  pafling  through  it,  being  chiefly 
converted  into  inflammable  air. 

In  the  firft  experiment  I  fent  three  ounce  mea- 
iures  of  Ipirit  of  wine  over  two  ounces  of  copper, 
in  a  degree  of  heat  that  kept  it  juft  melted.  Thii 
was  attended  with  a  copious  production  of  fuch  air 
as  would  have  come  from  the  fpirit  of  wine  only. 
But  what  furprized  me  moft  in  the  refult  was,  that, 
though  the  copper  had  loft  no  more  than  twenty 
eight  grains  of  its  weight,  I  aftually  collefted  446 
grains  of  the  charcoal ;  chiefly  in  the  form  of- pow- 
der, though  fome  of  it  confifted  of  large  flakes, 
leveral  inches  long ;  having  been  feparated  at  once 

from 
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from  the  whole  furface  of  the  melted  copper.  Thefe 
pieces  bore  handling  without  any  danger  of  break- 
ing, and  were  nearly  quite  black. 

In  another  experiment  I  got  508  grains  of  char- 
coal from  nineteen  grains  of  copper.  But  this  was 
from  copper  in  thin  plates,  and  they  were  not  all 
converted  into  perfe&  charcoal,  there  being  fome- 
thing  harder,  and  therefore  partially  metallic  in  the 
centers  of  them. 

Much  of  the  charcoal  was  diiperfed  and  loft  ia 
the  fine  black  powder  with  which  the  air  was  load- 
ed ;  and  as  in  what  I  collefted  the  copper  was  only 
about  a  fixteenth  part  of  the  compofition,  I  think 
I  may  venture  to  fay  that,  in  reality,  it  was  not 
more  than  a  twentieth  part.  In  this  refped  it  re- 
fembles  t^e  charcoal  of  wood,  or  of  pit-coal,  in 
which  the  afhes  bear  a  very  fmall  proportion  to  die 
inflammable  air,  or  phlogifton,  of  which  the  bulk 
of  the  charcoal  conlifts.  This  charcoal  of  copper 
was  alfo  as  infoluble  in  acids  as  that  of  wood,  and 
it  likewife  refcmblcs  it  in  other  relpefts. 

When  the  heat  in  which  this  procefs  is  condu(5bed 
is  great,  the  minute  diviHon,  and  volatility/  of  thisy 
charcoal,  is  very  extraordinary.  Seeing  it  iffue  from 
the  end  of  a  tube  in  a  denfe  black  cloud,  I  ended* 
voured  to  coUeft  it  in  a  large  glafs  balloon.  But 
after  having  given  the  balloon  an  uniform,  but  very 
thin  black  coating,  not  diftinguifhable  b  its  ap- 
pearance 
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pearance  from  fiot^  it  ifiued  from  the  orifice  like 
^nle  fmoke.  ^I  then  connefted  with  it  ieveral 
adopters,  and  other  vcflels,  to  which  it  gave  a  fimi- 
lar  coating ;  and  laflly,  I  plunged  the  tube  out  of' 
which  it  finally  ilTued,  very  deep  in  a  veflcl  rf 
water.  But  ftill  the  air  came  through  the  water 
k>aded  with  the  &me  denie  fmoke,  and  very  litde 
of  the  matter  could  be  coUeftcd*.  I  was  therefore 
latisficd,  that  the  only  way  to  colleft  any  eonfider* 
able  quantity  of  it,  was  to  make  ufe  of  a  degree  of 
heat  ]\jSt  fufBcient  to  keep  the  copper  red  hot,  or 
rather  juft  melting. 

Spirit  of  turpentine  I  found  to  anfwer  as  well  in 
the  production  of  this  charcoal  as  fpirit  of  wine. 
In  this  procefs  I  got  120  grains  of  charcoal  from 
five  grains  of  copper,  notwithftanding  a  very  denfe 
black  fmoke  with  which  the  air  was  chai^d,  and 
in  which,  no  doubt,  a  great  part  of  the  charcoal 
was  difperfcd  and  loft. 

Having  procured  this  new  fubftance,  I  proceeded 
to  make  feveral  experiments  upon  it  j  and  was  much 
difappointed  in  finding  that  in  common  air  it  was 
only  melted  by  the  burning  lens,  and  that  the  heat 

*  Th«  incoerdbility  of  Ais  ibot,  in  the  form  of  vapour,  very 
much  rcfeiBbles  that  of  the  denfe  vapour  j^roduced  by  the  decom« 
pofitlon  of  inflammable  and  dephlogifticated  air»  of  which  an  ac- 
count was  given  before,  both  of  them  paffing  through  water,  with- 
out being  r9t4in.ed  by  it* 

had 
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had  not  (at  leaft  in  a  Ihort  time)  any  fciifibk  tfk& 
upon  it  But  in  dephl<^ifticated  air  (as  I  Ihall 
dclcribe  more  particularly  in  die  feftion  relating  to 
fixed  air)  it  burned  rapidly,  and  converted  almoft 
the  whole  of  it  into  fixed  air. 

It  will  not  be  thought  furprizing,  that  no  ienfible 
tStSt  fhould  be  produced  by  heating  this  fiibflancd 
in  inflammable  or  in  alkaline  air.  But  being  made 
red  hot  in  the  latter,  the  air  was  increafed  in  bulk^ 
and  a  confiderable  part  of  it  became  inflammable, 
as  it  would  have  been  by  headng  any  thing  elie 
in  it. 

Confidering  this  fubflance  as  a  charcoal,  and  be^ 
ing  engaged  at  the  time  of  my  dilcovery  of  it,  in 
making  fteam  of  wat^r  pais  over  charcoal  of  wood, 
confined  in  red  hot  earthen  tubes,  I  treated  a  quan« 
tity  of  this  charcoal  in  the  fame  manner,  and  the 
refult  was  fuch  as  might  have  been  expedted.  A 
quandty  of  inflammable  air  was  produced,  and  there 
remained  a  lighter  coloxired  fubftancc,  which  may 
be  called  the  ajbes  of  the  tnetah  Forty  grains  of 
this  charcoal  were  reduced  to  eighteen  by  this  treat- 
ment ;  and  I  coUeded  about  200  ounce  meafures 
of  air,  which  was  very  turbid  in  its  firft  produdbion, 
and  burned  with  a  lambent  blue  flame. 

Having  firft  produced  this  charcoal  from  copper 
Rowing  to  my  having  accidentally  found  that  die 
fpirit  of  wine  aded  upon  it)  I  proceeded  to.tty  the. 

effea 
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cffedt  of  the  fame  procefs  upon  other  metals^  be- 
ginning with  Jilver.  This  metal  I  found  to  be 
afFefbed  very  much  as  the  copper  had  been ;  but 
though  the  matter  with  which  the  air  was  charged^ 
was  to  appearance,  equally  black  with  that  from 
the  copper,  and  the  vefTcls  in  which  it  was  received, 
fo  minutely  divided,  acquired  the  fame  black  coao- 
ing,  the  larger  maffes  of  this  charcoal  of  filver  were 
much  whiter  than  thofe  of  the  copper. 

Gold  was  not  at  all  affedted  in  this  pftKrefs,  not 
being  fenfibly  changed,  or  diminifhed  in  weight  by 
it.  At  firft,  indeed,  there  iffued  a  fmoke  of  a 
darkifh  hue,  the  cauie  of  which  I  could  not  dis- 
cover, but  it  ibon  dilappeared. 

Finding  this  procefs  to  have  fo  remarkable  an 
alFe£t  upon  copper,  and  none  at  all  upon  gold,  I 
imagined  that  by  this  means,  it  might  be  poflible 
to  feparate  copper  from  gold,  fo  that  we  fhould  be 
in  poflefTion  of  a  new  and  efFeftual  mode  of  affaying. 
But  I  was  difappointed  in  this  expectation.  I  mixed 
ten  grains  of  copper  with  an  hundred  of  gold ;  but 
the  copper  was  efftftually  proteded  by  the  gold 
fjx)m  the  a^on  of  the  (pirit  of  wine,  and  the  whole 
mafs  came  out  of  the  fame  weight  that  it  had  be- 
fore it  was  fubje6ted  to  the  experiment. 
'  I  was  not  able  to  procure  much  charcoal  from 
lead.  Ufing  three  ounce  meafures  of  fpirit  of  wine» 
f(p4  ncaf  ^ur  ounces  of  lead^  I  got  only  a  fmall 

quantity 
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quantity  of  a  whitifh  powdery  fubftancc,  though 
fifty  eight  grains  of  the  lead  were  miffing.  But  the 
infide  of  the  glafs  tube,  through  which  the  inflani- 
mable  air  was  tranfmitted,  was  very  black,  {o  that 
a  great  part  of  the  lead  was  probably  volatilized, 
and  difperfed,  and  yet  the  heat  that  I  ufed  was  not 
great, 

Tranfmitting  three  ounce  meafures  of  fpirit  of 
wine  over  360  grains  of  melted  /f»,  it  was  not  di- 
minifhed  quite  four  grains,  and  the  black  dud  that 
was  colledted  weighed  twenty  fix  grains.  The  air 
was  very  dark. 

Laftly,  I  fcnt  the  vapour  of  two  ounce  meafures  of 
fpirit  of  wine  over  960  grains  oUron  (havings.  The 
refult  was,  that  the  air  was  charged  with  black  par- 
ticles, and  the  iron  was  diminifhed  two  grains  in 
weight,  but  I  was  not  able  to  collect  any  charcoal. 
The  iron  acquired  by  this  means  a  dark  blue  co- 
lour. 


PART 
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PART      IL 

EXP£RIMBNTS    AND    OBSERVATIONS    RELATING    TO 

MERCURY. 


SECTION      I. 

Ohfervations  relating  to  the  black  Powder  produced  Ij 
the  Agitation  of  impure  ^uickfiher. 

I^OERHAAVE  found  that  quickfilvcr,  by 
3  very  long  continued  agitation^  was  in  part  con- 
verted into  a  black  powder,  which  is  often  Teen  on 
the  furface  of  it,  and  which,  I  believe,  is  generally 
deemed  to  be  a  partial  cabc  of  this  metal,  the  mer« 
cury  having  parted  with  fome  portion  of  its  phlo- 
giilon  in  this  procels.  It  is  thought,  however,  that 
it  is  no  great  proportion  of  its  phlogifton  that  it 
parts  with  in  order  to  aflume  this  new  form  of  black 
powder,  becaufc  it  is  not  pofllble  to  expofc  it  to 
any  confiderable  degree  of  heat  without  completely 
reviving  the  whole  of  it.  Even  mere  trituration 
has  been  obferved  to  have  the  fame  effc6t«    On  this 

account, 
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account^  (bme  do  not  confider  this  prOcefs  iu  a  pro-^ 
per  ^calcination^  but  fuppofe  the  mercury  only  to 
have  aflumed  a  new  form^  really  containing  all  the 
phlogifton  it  was  ever  poflefled  of. 

Notwithftanding  thb^  I  think  it  will  appear  from 
the  refult  of  my  obfervations  on  the  fubjeft,  that 
this  black  powder  is  really  mercury  Juperphlogijii^ 
caiid^  having  acquired  more  phlogifton^  inftead  of 
having  parted  with  any,  that  had  properly  belonged 
to  it  \  that  various  fubftances  agitated  together  with 
mercury  give  it  this  overcharge  of  phlogifton,  and 
to  appearance  refume  it  again.  I  alfo  hope  to  fhew 
in  one  view  all  the  fteps  in  the  complete  progrefs 
of  mercury  from  this  fuperphlogifticated  ftate  to 
its  proper  dephlogifticated  ftate,  ^^precipitate  per  fCy 
in  which  it  afiumes  four  very  different  appearances. 
For  the  greater  fatisfaftion  of  my  readers,  I  fliall, 
as  I  generaUy  have  done,  relate  my  obfervations 
hiftorically. 

Having  been  under  a  neceflity  of  making  much 
ufe  of  quickfilver  in  my  experiments  relating  to 
air,  in  order  to  leparate  and  preferve  thofe  kbds 
that  would  have  been  abfbrbed  by  water,  and  being 
frequendy  obliged  to  remove  my  apparatus  from 
the  country  to  London,  and  from  London  to  the 
country,  I  could  not  help  being  ftruck  with  a  quan- 
tity of  black  powder,  which  I  fometimes  found 
on  the  furface  of  my  qulckfilver}  when,  at  other 

Vol.  III.  F  f  times. 
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thueS)  and,  as  far  as  I  could  judge,  in  the  Tame  cir^ 
cumliances,  I  found  very  little,  or  none  ac  aU.  It 
was  evident,  however,  that  whatever  wasftHe  ^aufe 
of  this  appearance,  the  agitaiipn  of  the  carriage  had 
contributed  to  k;  for,  except  in.  tliofe  ciPCunn- 
ftances,  I  never  found  any  of  rt.  At  one  time  I 
found,  after  reo^oving  my  quickfilver,  which  was 
about  twelve  pounds,  fiwin  London  into  the  coun- 
try, there  was  near  a  pound  of  this  black  powder 
on  the  furfece  of  it.  This  I  thought  a  great  acqui* 
fition,  as  it  was  a  quantity  fofifcient  for  a  variety  of 
eXpeririKnts. 

The  firft  thing  that  occurred  to  mt  to  do  with 
it  was  to  endeavour  to  expel  air  from  it  by  mtzm 
of  heat.  Accordingly,  I  put  a  qiiamity  of  it  into  a 
glafs  phial  wkh  a  ground  ftopper  and  tube,  and/ 
with  the  heat  of  a  candle,  I  prefently  expelled  from 
it  a  quantity  of  air  $  which  being  admitted  co  Ume 
water  made  it  very  turbid,  and  was,  in  a  greaf  mea« 
Aire,  abforbed ;  a  proof  that  the  air  in  had  contuned 
was  in  part  fixed  air,  and  the  remaii^er  was  not  fo 
much  diminiflied  by  nitrous-  ak  as^  connmon^  air 
would  have  been ;  fo  that  no  ptife  air  can^  from 
diis  black  powder,,  and  confeqnently  it  difiered  cf^ 
fcntially  from  die  precipitate  per/e^  whicfc  woufct 
have  yielded  no  fixed  air,  but  the  purcft  de^ikv 
gifticated  air  only.  I  obferved  alft,  at  the  fame 
tirne^  that  the  powder  at  the  bottom  of  die  phial, 

wUcb 


Whicli  Md  been  expofed  to  the  grfcateft  degree  of 
heat,  had  become  yfcUo^.  This  was  evidchdy 
fomtthing  dffe  thdH  coiild  hi^fe  come  'frdrfl  the 
qtiifckfiWfel",  but  I  did  not  it  thatt  rime  difcover 
what  it  was.  A  gdod  deal  of  the  (Juickfilver  \fris 
rfevivefl  h^  the  procefs. 

Expbfcig  another  part  bfthis  black  powder  to  i 
ikA  fand  ttek  ih  i  glafs  vefl^l,-  I  produced  a  greater 
c^airtit^  of  fixed  aih  AHoj  part  of  the  black  pow- 
der becaitie  yellow,  as  before ;  and  triturating  the 
ifehole  of  it  in  the  pdrh  of  my  hand,  k  affumed  i 
kind  off  dirty  greetf  colotif,  and  about  one,  half  of 
it  wii  pretty  Readily  converted  into  quickfilver* 
Putting  the  remainder  of  this  greehifli  powder  into 
i  thin  glafs  vcflel,  ahd  holding  it  over  the  flame  of 
sr  irandleV  jfcout  one  half  of  it  became  a  j^et&d^ 
yellow  powder,-  and  the  rtft  was  evaporated,  aiicf 
Being  ih  {>lrt  colR^flfed,-  appeared  to  be  pure  quick-^ 
fil^r. 

By  this*  medns  \  etefted  a  complete  feparation  df 
iHt  q£Ack(^er  wNich  had  conftituted  the  blackniiiS 
of  the  p6#der,  and  had  af  perfefliy  diflSnft  yello^ 
fiAftincc  bfettnd;  t^c  nature  of  Which  in  dt^dlt^ 
chcia  chcfWft  w6uM  have  imnriediately  di(fingoifl&- 
^t  ^tnlA  I  dtftb^ered  it  foon  afterwards*  I  pre^ 
Ibhtiy  ibriduded  Aat,  notwidiffanding  this:  yellow 
fobftaiite  fein^ied  to  be  produced  from  die  qui(^ 
&titi  ixifj  nzA  great  fpecific  ^gtzsHtf^  it  vhi  fibt  of 

Ff  a  the 
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the  nature  ofpnafiMe  per/e^  becauie  it  had  yielded 
fixed  air*  With  another  part  of  the  black  powder 
I  found  that  the  fixed  air  it  yielded  was  feveral 
times  the  bulk  of  the  powder,  but  I  did  not  afcer* 
tain  with  exadnefs  what  the  proportion  was. 

Being  ftill  ignorant  of  the  conftitution  of  thia 
black  powder,  ^and  bemg,  confequendy,  unable  with 
certainty  to  procure  a  quanuty  of  it,  I  confidered . 
what  other  ilibftances  into  which  mercury  entered 
had  the  fame  appearance,  and  among  others  I  fuf- 
pe£led  that  ^thiops  mineral^  which  is  a  compofidon 
of  mercury  and  fulphur,  might  perhaps  be  the  fame 
thing,  and  if  fo,  it  mig^t  be  ealily  procured  in  any 
quantity  for  the  purpofc  of  future  experimtats. 
But  I  prefendy  found  that  this  fubftance,  treated  in 
the  fame  manner  in  which  I  had  treated  my  black 
merqirial  powder,  yielded  no  air  at  all. 

Difappointed  in  this  expedaODn,  and  being  very 
defirous  of,  procuring  a  quandty  of  this  black  pow- 
der, I  took  -feveral  quantities  of  this  quickfilver,  in 
the  fame  flate  in  which  I  had  generally  ufed  it,  and 
dierefore,  as  I  hoped,  in  the  fame  fbt£  in  which  it 
had  yielded  xkt  black  powder  before  i  and  in  order 
to  treat  it  as  nearly  as  pofTible  in  the  fame  manner^ 
I  put  it  into  iuch  earthen  pots  as  I  had  before  made 
ufe  of  in  conveying  it  from  one  place  to  anocheri 
and  &rther  to  promote  a  more  minute  divifion  of 
its  puts,  I  fometimes  put  land,  and  other  fubftanoes 

on 
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on  which  I  knew  it  cotild  have  no  chennical  afbion, 
into  the  pot  aTong  with  it.  I  then  put  theie  potis 
into  finall  boxes,  and  procured  them  to  be  faftened 
to  poft  chaifes,  and  other  carriages,  and  had  them 
brought  to  me  again  after  they  had  undergone,  at 
leaft,  as  nuich  agitation  as  the  former  quickfilver 
had  done  in  its  paflage  from  London  to  Wiltihire. 
But  this  produced  no  fenfible  efiefb ;  the  quickfilver^ 
as  it  appeared  afterwards,  being  then  too  pure  for 
that  purpofe. 

At  length  it  occurred  to  me  that  the  quickfilver 
having  been  ufed  for  a  great  variety  of  purpofes, 
and  confequendy  having  been  expofed  to  a  great 
variety  of  impregnarions,  it  might  have  got  ibme 
metallic  ones,  and  particularly  from  lead  or  tin.  I 
therefore  diflblved  a  fmall  quantity  of  lead  in  ibme 
mercury,  and  prefendy  found  that  a  very  flight 
agitation  covered  it  with  black  powder,  and  obfcured 
all  the  infide  of  the  veffeL 

Being  now  in  poflefTion  of  what  had  been  fb  long 
the  objedt  of  my  wilhes,  and' being  able  to  procure 
this  black  powder  at  pleaflire,  I  was  prefendy  kd 
by  it  to  other  obfervations  bot}i  curious  and  uie* 
fill. 

In  order  to  obferve  the  nature  and  progrefs  of 
this  operation  to  more  advantage,  I  filled  a  glafi 
phial,  of  about  ten  ounces,'  one  fourth  part  full  of 
tlhis  mixture  of  mercury  and  lead  i  and  invertijig  il 

F.f3  in 
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in  a  bafoQ  of  the  ianie>  I  agicgted  it  with  my  haod^ 
and  pre(ently  found  that  the  air  within  the  phial  was 
^nfit)ly  diniipiihcd,  an  cvjdf  nt  pjoof  that  it  was 
phlogifticatcd ;  and  in  about  ten  iniiiutes  the  dimi- 
nutiQQ  sfiPQUPted  to  one  fifth  of  the  whole^  after 
lyhich  nq  agitation  had  any  more  efie£t  upon  ic 
'Esfsmwng  this  air,  I  found,  as  I  expe&ed,  that  it 
f:i(tingu.ilhed  a  candle.  Indeed  it  was  completely 
phlogiftic^t^d J  |iot  being  at  all  affected  by  nitoous 
air. 

I  was  now  fuUy  f^tisflcd  that  this  was  what  I 
have  cf^^ed  a  proper  pbkgtJii^pnoQsfs  widi  rcfpeft  to 
air>  fimU^  to  the  calcination  of  metals  hy  heat ; 
$he  2^x  beipg  seeded  in  the  fame  manner,  and  that 
when  m^xQxxy  sMod  lead  were  thus  reduced  to  an 
Moalgam,  the  fimpk  expofure  to  air  was  fuffident 
to  produce  the  calcination  of  one  of  them  ac  lead ; 
todi  as  I  th^n  thought,  of  both,  agreeably  to  the 
common  opinion  concerning  the  nature  of  the  black 
powder  of  mercury. 

I  was  abundandy  confirmed  in  my  fupppfition, 
hy.  ^diog  that,  when,  inftead  of  common  air^  I 
a^ptafied  this  aaialgam  in  fixed  air,  nitrous  air,  in* 
flammable  air,  or  in  any  kind  of  phlogifticated  air, 
no  hi^f^  powder,  was  produced,  and  thofe  kinds  of 
air.  remained  unaltered.  When,  indeed,  I  agitated 
this  amalgam  ia  nitrous  air,  the.  futfitce  of  it  prc: 
kx^,  ^med.  a  tdackiflx  hue,  but  this  ioon  neady 
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difappcared,  and  no  farther  agitation  produced  any 
fenfibj^  cffcft.  But  when,  on  the  contrary,  I  made 
this  agitation  in  dephlogifticated  air,  the  black  pow« 
der  was  generated  exceedingly  faft,  and  the  air  went 
on  diminiihing,  till  what  remained  was  one  fourth 
lefs  than  the  whole* 

It  nOw  occurred  to  me  that,  by  means  of  this 
agitation,  I  might  expel  the  whole  of  any  quandty 
of  lead,  or  other  metals,  from  the  mercury  with 
which  they  might  be  mixed ;  and  I  foon  found  it 
to  be  an  eafy  and  excellent  method,  not  at  all  in- 
ferior to  diftillation.  As  1  have  repeated  this  pro- 
ceis  many  times,  and  always  have  recourie  to  it 
when  my  mercury  has  acquired  any  metallic  mix- 
ture, I  fhall  defcribe  the  manner  in  which  I  find  it 
is  moil  expedicioufly  done ;  though  a  novice  in  the 
procefs  muft  not  expedt  to  fucceed  perfe(5Uy  well 
at  the  firft  trial.. 

I  take  a  ^afs  phial  with  a  ground  ftopper  (fuch 
being  generally  pretty  ilxoi^)  containing  ten  or 
twelve  ounces  of  water,  ^and  fill  about  one  fourth 
of  it  with  the  foul  quicklilver  ^  then,  putdng  in  the 
ilopper,  1  hold  it  inverted  with  both  my  hand% 
and  fhake  it  violendy,  generally  ftriking  the  hand 
that  fiipports  it  againft  my  thigh.  When  I  have 
given  it  twenty  or  thirty  ftrokes  in  this  manner, 
I  take  out  the  ftopper,  and  blow  iato  the  phial  with 

F  f  4  a  pair 
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a  pair  of  bellows,  which  I  do  in  order  to  change 
the  air  that  has  become  in  part  phlogifticated,  and 
knowing  that  the  purer  the  air  is  the  fafter  the  pro- 
ceis  advances.  ' 

After  a  fhort  time,  if  the  mercury  be  very  foul, 
the  furface  will  not  only  become  black,  but  a  great 
quantity  of  the  upper  part  of  it  wUl  be,  as  it  Were, 
coagulated,  fo  as  to  be  eafily  feparated  from  the 
reft.  I  therefore  invert  the  phial,  and  covering 
the  mouth  of  it  with  my  finger,  let  out  all  the 
mercury  that  will  flow  eafily,  and  put  the  black 
coagulated  part  into  ^  cup  by  itfelf.  This  I  prefi 
repeatedly  with  the  end  of  my  finger,  till  \  make 
a  complete  feparation  of  the  running ,  mercury  from 
the  black  powder  j  and  putting  the  powder  by  it- 
felf, I  pour  back  the  mercury  to  the  reft  of  the 
mafs  out  of  which  it  was  taken,  in  order  to  be 
agitated  with  it  again. 

This  procefs  I  repeat  till  I  find  that  no  more 
black  matter  can  be  feparated  j  and  it  is  not  a  lit- 
tle remarkable,  that  the  operator  will  be  at  no  lofs 
to  know  when  the  procefs  is  completed.  For  the 
feme  quantity  of  lead  feems  to  come  out  of  it  in 
equal  times  of  agitation,  and  confequendy  the  whole 
becomes  pure  at  once.  Alfo,  whereas,  while  the 
lead  was  in  the  mercury^  it  felt,  as  I  may  fey,  Kkc 
fofc  clay,  the  moment  the  lead  is  feparated  from  it. 
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it  begins  to  rattle  as^  it  is  ihaken,  fo  that  any  perfon 
in  the  room  may  perceive  when  it  has  been  agitated 
enough  *. 

That  the  mercury  is  made  quite  pure  by  this 
procefs  I  afcertained  by  diftillation.  For  having 
diffilled  in  a  glals  veflel  a  large  quantity  of 
quickfilver,  in  which  both  lead  and  tin  had  been 
purpofely  diflblved,  and  which  had  only  been  agi- 
tated in  this  manner  afterwards,  I  found  nothing 
more  than  ^  light  whitifti  ftain  on  the  bottom  of  die 
retort. 

When  a  quantity  of  the  black  powder  is  procur- 
ed, it  is  very  ealy,  by  diftillation,  to  feparatc  the 
mercury  from  the  calx,  and  I  do  not  know  a  readier 
method  of  procuring  the  calx  of  lead,  or  tin,  and 
perhaps  the  ^alx  of  other  metals  alfo.  The  quan- 
tity of  black  mercurial  powder  is  very  confiderablc 
in  proportion  to  the  lead  or  tin  mixed  with  it ; 
though  it  is  qot  eafy  to  afcertain  this  with  exadnefe, 
becaule,  in  endeavouring  to  feparate  the  powder 
from  the  running  mercury  a  good  deal  of  it  is,  by 
mere  trituration,  converted  into  runnmg  mercury ; 

*  Pure  mercury  may  alfo  be  diftinguiihed  from  that  which  is 
Tery  impure  by  this  circumitance,  v/z.  that  a  mixture  of  lead  or 
tin,  at  leafty  very  much  diminiflies  its  attradtion  of  cohefion.  For» 
when  pure  mercury  is  contained  in  a  glafs  or  earthen  veffeU  there 
will  be  a  hollow  fpace  between  the  metal  and  the  velfel  ;  whereas 
if  there  be  lead  or  tin  in  it,  the  whole  furface.  even  to  the  place  of 
coota<ft  with  th^  velfel)  will  be  perfe^y  level. 

and 
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^nd  I  do  not  know  but  that^  in  tiin€3  the  wholf 
Ifnight  be  reftored  by  this  m^^ns^  and  the  calx  of 
lead,  &c.  be  got  quite  pure.  However,  from  th? 
following  experinHients  it  will  be  feen  what  propor- 
tion they  generally  bear  to  each  other,  after  a  to^ 
l^rably  careful  reparation.  It  will  be  iiben  alfo„  that 
when  aU  the  quickfUver  that  w^  conveited  into 
bjack  powder  is  expelled  from  lead  or  tin  by  heat, 
there  will  remain  more  weight  of  the  cabc  than 
there  was  of  the  metal ;  as  imight  be  expeded.  But 
as  I  applied  more  heat  than  was  neceflary  to  feparate 
the  quickfilver,  a  good  deal  of  die  air>  and  what- 
ever elfe  contributes  to  the  additional  weight  of  the 
cak,  is,  no  doubt,  expelled  with  it. 

Having  mixed  one  pennyweight  of  lead  with 
aibout  five  pounds  of  quickfilver,  I  expelled  it  all  by 
agitation,  in  the  method  defcribed  above  ;^  when» 
weighing  the  bUck  powder,  it  was  found  to  be  one 
ounce,  ten  pennyweights,  five  grains,  fome  partis 
cles  of  the  running  mercury  being,  however,  ftiJl 
vilibljs  in  it. '  When  the  quickfilver  was,  expelled  by 
heat,  the  caU  of  the  lead  appeared  in  the  form  of  a 
brownifh  powder,  and  weighed  one  pennyweight,  five 
grains; 

Having  mixed  one  pennyweight  of  dn  with  the 
aboye-mendoned  quspti^  of  quickfilver,  and  hav- 
ing  expelled  it  again  by  agitation,  the  black  pow- 
der, with  fome  CiiaJl  globules  of  quickfilver  mixed 

with 
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with  it,  weighed' t^Qouncp^,  one  penpy weight,  f^vc 
grains,  and  the  calx,  which  was  a  tolerably  whitp 
powder,  weighed  one  pennyweight,  feven  grains. 

The  reparation  of  tin  frqi-^i  quickfilver  by  acitar 
tiqn  is  not  efFecSled  near  fo  foqn  as  lead.  It  requires 
at  leaft  four  times  the  labour.  I;  alfo  requires  pro- 
portionably  morc  time  to  feparatp  the  black  powr 
deif  froni  the  thick  amalgam^  v\  the  maxn^er  de- 
fer i  bed  above. 

Quickfilver  is  fepar4ted  from  le^4  OT  tin  whej^ 
the  mafs  i$  agitated  in  water^  as  veil  ^  in.  aji,  t).u£ 
it  fcems  to  reqyire  more  time.  |n  this  prop efs  ic  if 
alfo  eafily  perceived  when  all  the  hafe  metal  is  cj^t 
pelled  \  the  phenomena  of  the  ^gitatip^i  of  this 
amalgam  and  of  pure  mercury  in  water  being  very 
remarkably  different.  It  is  even  eafy  to  perceive, 
by  this  means,  in  a  moment,  whether  the  quick- 
filver be  pure  or  not  For  if  it  be  impure,  the  wa- 
ter becomes  opake  the  moment  the  agitation  com- 
mences, which  is  by  po  mea,ns  the  cafe  with  pure 
quickfilver,  efpecially  if  the  water  in  which  it  is 
agitated  has.  not  been  ufed.  for  this  purpofe  before. 
Alfo,  the  black  rnatter  fulbended  in  the  water  in 
ivhich  pure  quickfilver  has  been  agitated  is  (^xcept 
in  a  cafe  that  will  be  defcribed  hereafter)  prefently 
depofited  j  whereas  the  water  in  which  the  amalgam 
has  been  agitated  does  not  become  clear  in  fcveral 
days.     It  may  aHb  he  perceived  how  the  quickfilver 

wproaches 
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approaches  towards  purity,  by  this  depofit  being 
made  more  or  lefs  readily. 

Alfo,  the  phenomena  during  the  agitation  in 
theie  two  cafes  are  ftrikingly  different,  though  not 
ealily  defcribed  in  words.  More  efpecially,  the 
mixture  of  quickfilver  with  lead  or  tin  does  not  feem 
to  admit  the  water  to  mix  with  it,  whereas  pure 
quickfilver,  by  violent  agitation,  may  be  fo  tho- 
roughly mixed  with  the  water,  that  *  it  will  fbme- 
times  be  ieveral  feconds  after  the  agitation  b  dif- 
conrinued,  before  it  have  entirely  dilengag^  itfclf 
from  the  water  ;  and  in  doing  this  it  exhibits  a  very 
pleating  lpe6lacl?.  By  this  means,  as  in  the  procefs 
without  water,  it  may  be  perceived  at  once  when 
the  fcparation  of  the  bafe  metal,  and  the  mercury, 
is  completely  effefted. 

Having  a  large  quantity  of  water  made  very  black 
with  the  agitation  of  a  mixture  of  quickfilver  and 
lead>  I  agitated  a  quantity  of  common  air  in  it  a  long 
time,  and  let  it  ftand  feveral  days  j  but  the  air  was 
not  lenfibly  injured  by  this  means ;  fo  that  though 
this  water  and  the  calcined  amalgam  fufpended  in  it 
do  contain  phlogifton,  it  is  not  by  this  means  im« 
parted  to  the  air.     * 

I  evaporated  a  pint  of  the  diftilled  water  in  which 
quickfilver  and  un  had  been  agitated,  and  which 
^d  flood  till  it  was  quite  tianfparent,  whei)  a  white 

fediment 
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(ediment  remained,  but  it  did  not  weigh  more  than 
a  few  grains. 

N.  B.  It  may  be  worth  while  to  obfcrve  that,  in 
making  this  black  powder,  die  phial  in  which  the 
lead  and  mercury  are  ihaken,  grows  very  warm^ 
as  the  coagulum  of  the  two  metals  (from  which  the 
black  *  powder  is .  prefled)  begins  to  ferm,  and  that 
in  fqueezing  this  coagultfm  in  a  cloth  (which  is  the 
readieft  method  o^  feparating  the  running  mercury 
fix>m  the  black  powder)  it  fuddenly  becomes  fo  hot> 
that  I  could  fometimes  hardly  bear  to  handle  it. 

For  the  information  of  thofe  who  may  wifli  to 
repeat  theft  experiments,  I  would,obferve,  dKit  in 
ufing  as  much  mercury  as  I  can  conveniently  fhake^ 
in  a  phial  containing  about  three  pit^  of  water,  I 
have  got,  with  four  hundred  concullions  of  the. 
amalgam  (blowing  into  the  phial  with  a  pair  of  bel- 
lows after  every  hundred  concuffions)  near  eight 
ounces  of  the  black  powder* 


SEC* 
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SECTION    II. 

Of  the  A^tatim  of  fur e  Msrcury  in  Wattr. 

AGITATION  in  pure  water  will  convert  the 
pureil:  quickfilver  into  black  powder>  and 
much  more  fpeedily  than:  it  can  be  effefted  in  air  % 
but  when  this  is  produced  in  watery  this  ilace  of  the 
quickfilvcr  is  noc  permaflent.  But  it  will  give  my 
reader  more  fatisfaftlon,  if  I  defcribe  the  phenomena 
•  of  this  procefs  Jbft  as  they  occtirred  to  me* 

I  agitated  a  pound  6f  pure  quicfcfilVer  a  few  mi- 
nutes in  diftiHed  water^  when  I  obfer^  that'  tfao 
water  had  become  opake,  w?th  pkrtrdesr  of  i  bkdi 
-  niatter,  fo  as  to  be  imper^rooB  td  tW  fight  TWsp 
procefs  I  repeated  fcveral  hours^  chan^ng  the  wa« 
ter  as  it  became  black. 

When  any  quantity  of  water  had  been  once  ufed 
for  this  purpofe,  the  fame  efieft  was  produced  mudi 
fooner  than  it  was  widi  frefh  water  \  fo  that,  though 
^  the  frefh  water  and  this  eould  not  be  diftinguifhcd 
by  the  eye,  it  was  prefcndy  perceived  which  water 
had  been  uied  before. 

After 
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After  i  had  continued  this  procefs,  which  was  in 
a  ten  dunce  phial,  with  ^  ground  glafs  ftopper,  about 
four  or  five  hours,  though  with  fomc  interruption, 
I  found  thac  the  quickfilver  had  loft  two  penny- 
weights of  its  weights  But,  aglt&ting  it  again  little 
more  than  an  hour,  with  the  fame  water  that  I  had 
ufed  before^  I  found  it  had  loft  in  ail  fire  penny  •» 
weights.. 

This  procefs  went  on  the  beft  when  I  ufcd  three 
or  four  times  the  bulk  of  water  with  the  qiiiekfflver; 

That  the  air  contamed  in  the  phial  together  with 
the  water  had  nothing  to  do  in  this  bufinefe  was  evi^* 
dent,  becaufe  the  very  fame  efied  Was  produced 
when  the  phial  was  filled  up  wkh  water  only,  io  z% 
to  exclude  all  the  ai^r ;.  and  this  is  the  manner  m 
l^ich  I  generally  make  this  experiment. 

This  biack  matoer  dififufed  through  the  water  be-* 
comes  white  ninaing  itier<:tlry  when  it  is  expoied  ta 
die  open>  air  only.  No  titituration,  or  o^rdtion  of 
any  kind,  is  requifiie  for  this  purpofe. 

The  water  in- which  thi$  pore  q\]ickfitv^r  hid  been* 
Kgitated  acquired  a  pecofiar  ffnell  and  tafte,  not 
cSafy  to  be  defcribed.  Whea  a  pint  of  it  was  eva-^ 
grated  to  dryMf^^  iheKe  remained  a  fmali  quantity 
of  nnatter,  aivaceounH' of  which  ^fiU  'be  given'  hem-^- 
afcen  Common  a#  agit^ed  m  thisi  water  was  not 
^  leHfify  dimk^ihed,  amfdiarcfore  \  c6n<tliMie  not  fi^-» 
fibly  kijured  by  it. 

Sjwrit 
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Spirit  of  wine  feems  to  anfwer  thb  purpofe  as 
well  as  water,  but  not  oil  of  turpeqtine*  I  ex- 
pofed  them,  together  with  various  pther  thmg^,  to 
continued  agitation  in  a  mill,  for  feveral  months  1  but 
when  the  phial  containing  them  was  exammed,  nei^ 
thcr  the  quickfilver,  nor  the  oil  of  turpentine,  was 
fenfibly  changed.  Of  theie  obfervations  I  (hall  give 
a  Separate  account,  at  the  clofe  of  this  article. 

Hidierto  I  was  entirely  ignorant  of  the  real  na« 
turc  of  the  black  powder  into  which  mercury  is  con- 
verted by  agitadon  in  water,  and  rather  took  it  for 
granted  that  it  Vas  a  partial  calcinadon  of  that  me* 
tali  though  I  mig^t  have  recolle'6ted,  that  no  fuch 
thing  as  this  black  powder  occurs  in  any  part  of 
the  procefs  of  a  proper  calcination  of  mercury^  in 
converting  it  into  precipitate  per  Je.     Nor  did  I  at 
length  diicover  the  real  nature  of  it  by  any  reafoning 
or  conje6h]re  a  priori.    But  having  conftandy  ob- 
ferved  (what  it  was  impoffible  not  to  obferve)  that 
whenever  I  ipilled  any  of  the  water  containing  the 
black  powder,  the  moment  it>  was  dry  it  appeared  in 
the  form  of  white  running  mercury,  alfo  that  the 
glafs  funnel  I  made  ufe  of,  in  pouring  this  black 
water  into  the  phial,  was  always  found  white,  with 
fmall  globules  of  running  mercury^  whenever  I  took 
It  up,  after  an  interrupdon  in  my  experiments; 
I  could  not  but  conclude  that  thb  converfion  of 
black  into  white  mercury  was  effected  by  the  air^ 

1  '  and 
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9zk1  thorefbre  I  dfitemuaied  to  iiave  tbis  procels 
peeGarmtd  kk  ^ofl/kid  air,  iin  order  id  judge  how  die 
air  itfetC-'was  afiedcdbjrk.  ^ 

Accbtdttigl]F»  hiiTing  ^  confiderable  quantity  of 
,lfa»  Idadc  powder  in  alitde*  wster,  enough  to  pre- 
wns  itt  btooming  nintfmg  mercurf^  i  jpoored  fonfie 
of  it  into  a  fmidl  letort,  ^d  evaporadng  all  the  wsh 
txrthat  iraft  mixed  wkh  k^  while  chi&  necked  th6 
lecxirt  was  phiiiged  in  wcaiibr,  and  admicctng  as  little 
air  iELs  pollibie  (bandy  enough  tdpritreat  the  retort 
from  breaking  by  the  rafhiiig  in  of  fnefh  water,  after 
the  bulk  I  of  die  ^^iiad  b^n^expeikd  bythe  heat 
and  Taponr  n^jflhia  tlie  'Mxxt)  I  namiaed  the  in* 

ckfed  air  when  the  veift)  wa^  cold  s  and  found  iCM 
bt  wof^'Mlian  comnioii  afar.    For.  one  meafure  of 

mcafiuttk  i^  tdien  oibi^fb^te  ^f^tfie  ctmronoh-exier* 
nal  air^aindaiiodiet^lteiMfi^  nitroul  air  Jdccopiel 
lUcripace  of  i;9t7»tt&ms.:.   :    :v^.  )      '   ' 

>  Jt  wsi^vidhiirj  bbntwiu^  thait^  in:  ij&  texperuneBii^ 
di0  ab/cookl^oniy^be  Ktry  partially  affiafbod  by  die 
dbitgc  of  the '  duccouty ^i  «Jimre  a^  gmlhdeai -imift 
neceflarily  haare  beeri'.aifanitttd  a^  aillthD  boat 
had  becn:appiiod)i  (and'ttt' newly  admitttdair 'muft^ 
ofcoarfe^ilifaieidiHitttf  ddit  which^badbcqaafieaBd 
tqri  dtti.^raoei^  f '  iheiicferer  made  the  foUomng 
flkooe  ^dedfinr  nperittieniv  affaidh  jpeiftftly  agreed 
witht.jmdcobfirttied,  dvrpie^^Aiiigji  .  • 

-VouIIL  Gg  I  took 
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I  took  a  glafs.  tube,  about  ei^teen  inches  long» 
aadhalfan'  inchMride,  and  pouring  into  k  a  quan* 
tity  of  the  water  and  black  powder  of  mercury^ 
turned  k  QVffy  wa^  till  it  had  gpt.a  black  coating 
in  ail  pkiG^^-.^Ith^  inverted  it,  and  placed  it  in  a 
cup  of  wgtsr  %t^  .the  fire,  but  not  fo'near  aa  to  .eon- 
yert  th0«  water. within  the.. tuhei  into  fteam,  and 
thereby: txpel((y>  miich  ^^  air*  I0  this  fituation 
1  perceived,  afti^  fom^  tixne,  .Jthat  the  quickfilver 
jfas  revived,. . ail.  the.  tube  ta which  the  heat  had 
reached  having .  jiow  got  a  white  coating,,  and  hav- 
ing the  ap^arance  of  a  iooking;.gla&.  .  I;then  ex^ 
minified  ihe.  air  in  the  jnfide  of  ;the  ti4>e,  and  ibiind 
ilto  be  v6y:fyfficiently.  phlogifljcated..  Eot  one 
jene^un:  of  itramd.one  .oif.  nkromT^,  Qto:^u^  the 
fpacC:  of  ::i.l^6.''ineafurQb  jnoitwiihft^ncUji^  a  con- 
ildffable  pait'>of  ^di»  tube.ib«l<not.^)een£>,  much 
hcstod^as  \to  JvmQ  all  Ac^  naercury  on  it  revwed. .  I 
repeated  this  experinientin:aJbQdKrlube>.  and  widi 
xhe&tneizdult^  ijsk  air  CQDtBunBdinit  beii^^is  much 
|ddogi(ticated  as;  befora  v  A)t  dds  time  thertube  b^ 
ihgexpQ&dtof30o.greatad^gtteofheat,partof  the 
mercuriaLooating  was  partklly  calcined. 
,  Aftei-  thk  iti  was  impoffible  '^to  entertam  a  doubt 
condeming  diernatiire  of  this  Kfanrk  powder,  It  was 
,evident]3|r  -mernitj  ^fitpgr^pUogiftiiaied,  jor  N^hicfa  \mk 
iacqu}re(^'nii6mphldgiftGp  tban'>wis  neceflSuy  to  its 
ftate  of  white  ngmiig  m^roirry^'   But  ic  ramincd  to 
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be  inquired  whence  the  mercury  could  have  received 
this  phlogiftod.  That  it  might  have  been  commu- 
nicattd  fiiom  the  fpirit  of  wine  in  the  experiment 
inentioned  above  was  probable  enough,  becaufe  fpi« 
rit  of  wine  is  knowii  to  contain  pMogifton  in  abun-^ 
clance.  But  it  has  been  a  maxim  with  chemifts^ 
that  water  is  incapable  of  forming  any  union  with 
phlogifton  \  and  that  befides  air^  it  is  perhaps  the 
only  fubftance  in  nature  that  is  inc^able  of  it.  How^ 
ever,  as  the  whole  courfe  of  my  experiments  has 
demonftrated  the  fallacy  of  the  maxim  with  refpedk 
to  air,  fo  I  think  alio  it  has  already  appeared  from 
them,  that  neither  does  it  hold  good  with  refpeft  to 

water. 

Some  may  think  that  it  is  the  calx  of  the  rtier^ 
cury  that  the  water  feizes  upon,  leaving  the  phlo- 
^fton  as  an  over  charge  upon  part  of  the  rem^der. 
Whkh  ever  of  thef?  hypothefis  is  die  true  one,  it  is 
a  faftj  and  certainly  a  very  remarkable  one,  that,  if 
the  water  be  warm>  though  only  about  blood  heat^ 
no  agitation  of  mercury  in  it  will .  convert  it'  into 
black  powder.  And  alTo^  if  the  water  be  ever  fo 
black  with  the  powder,  the  mere  heating  of  it,  with- 
out any  acceis  of  the  external  air,  wiU  make  it  tranf« 
parent  again ;  the  blackneis  totally  difappearing  both 
from  the  water  and  the  mercury.  If  the  former  hy- 
pothefis be  admitted,  viz.  that  the  overcharge  of 
phlogiilon  is  communicated  from  the  mercury  to 
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tiiewater^  water  muftbeoffiichanatuitastohave 
a  ftronger  affinity  with  phlo^on  wben  hot  than 
when  cold,  in  i^ich,  diou^  it  be  the  leverfe  of 
moft  other  fiibftances,  it  has  die  fame  property^ 
howeverj  with  mty  which  receives  phlogifton  fixrni 
ignited  bodies,  when  bodi  the  air  and  the  ignited 
body  muft,  of  courie,  be  equaDy  hot. 

Or,  laftly,  it  may  be  iiippofed  (and  fixne  obier« 
vations  diat  will  be  recited  hereafter  pmve  this  is 
adtually  the  cafe  in  fome  circumlbuices)  that  during 
the  agitation  one  part  of  the  mercury  becomes  de-» 
phlogifticated  while  another  part  is  fuper-phlo^fli^ 
catcc^  extraordinary  as  the  faft  will  be  thought. 

I  oUerved  the  effed  of  warm  water  in '  mercuiy 
in ,  die  following  maniien  Sittuijg  pretty  near  the 
fire,  when  the  weather  was  cold,  I  found  that  my 
agitation  of  die  mercury  had  not  fb  much  efie6t  as 
k  had  been  ufed  to  have  $  and,  reflefting.upon  die 
lutyeA,  k  occurred  to  me,  that  pofliblyitmig^t  be 
ihtwarmsb  of  the  water  in  die  phial  that  obftruded 
it.  To  try  this,  I  putthe  phial  containing  die  wa« 
ter  and  the  quicklilver  into,  a  pan  of  water,  which 
I  made  to  boil  -,  after  which  I  took  it  out  of  the 
pan,  and  holdipg  it  with  a  couple  of  handkerchiefi» 
a^tated  it  with  as  much  violence  as  I  poflibly  could, 
but  I  feund  that  I  mig^  do  this  as  long  as  1  pkafed^ 
ivithout  producing  any  thing  likie  the  black  pow* 
dec. 

To 
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To  complete  this  experiment  on  the  efie£b  of 
heat^  as  fooa  as  die  whole  was  cold,  I  Ihook  the 
phial  again,  till  the  water  was  to  appearance,  alnioft 
as  black  as  ink,  and  placed  it  in  die  water  over  tjie 
Jfire ;  obfertring  that  the  phial  was  completely  filled 
with  the  water  and  quicklUver,  and  that  all  air  was 
excluded,  only  leaving  the  ftoppef  rather  loofe,  that 
the  expanfion  of  the  water  by  the  heat  might  not 
burft  it.  The  efie£t  was  that,  prefendy  after  the  wa- 
ter in  the  pan  began  to  boil,  the  water  in  the  phial 
had  recovered  its  traniparency ;  and  when  I  examia*  . 
ed  the  quickfdver,  there  was  no  appearance  of  blade 
powder  upon  it.  The  whole  had  been  reconverted 
into  white  running  mercury,  and  had  united  with 
the  reft  of  the  mais  of  mercury  in  the  phial  Alfo, 
when  it  was  cold,  the  blacknefs  did  not  re-appear  % 
but  the  mercury  was,  in  appearance,  in  the  very 
fame  ftate,  as  at  the  beginning  of  the  proceis« 

This  fad  being  a  very  remarkable  one,  I  repeat^ 
ed  the  experiment  many  dmes,  and  in  a  very  great 
variety  of  ways,  but  always  with  the  &me  refult. 
When,  indeed,  I  agitated  the  mercury  m  the  iame 
water  a  very  long  dme  (and  I  once  did  it  on  pur* 
pofe  a  quarter  of  an  hour,  with  litde  w  no  intermii^ 
fion,  though  in  one  minute  I  could  make  the  water 
quite  opake  with  the  fame  degree  of  agitation)  I 
have  found  that  it  requires  a  longer  continuance  of 
heat  to  make  it  perfedly  tranfparent,  and  a  flight 

Gg  3  blacknefs 
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blacknefs  has  remained  on  fome  parts  of  the  furface 
of  the  quickfilven  But  then  this  was  qui&  trifling 
compared  with  the  quantity  of  black  matter  that  lay 
upon  it  before  it  was  heated,  fo  that  by  much  the 
greateft  part  of  the  phl(^iflon  mull  have  been  ab- 
£>rbed. 

Alfo,  when  I  have  poured  the  quickfilver  ofi^ 

•f 

and  heated  the  turbid  water  by  itfelf,  the  blacknefs 
has  never  failed  to  diiappear.  But  fometimes  a  few 
globules  of  quickfilver  would  remain  at  the  bottoni 
V  of  the  phial,  ibme  white,  and  others  black  $  but 
though  the  latter  were  more  numerous,  they  were 
probably  only  fuperficially  black,  and  no  agitation 
of  the  phial  would  ever  give  the  water  the  turbid  ap- 
pearance that  it  had  before  ;  the  globules,  though 
diiper&d  through  the  water  by  the  Station,  /lib- 
liding  in  a  moment,  and  falling,  like  fo  numy  leaden 
jhot,  to  the  bottom  of  the  phial ;  {o  that  the  black 
furface  of  thefe  larger  mafles  of  quickfilver,  as  they 
may  be  called,  was  very  fmall  in  proportion  to  the 
furface  of  the  infinite  number  of  hlack  molecules 
which  conftituted  the  clouds  of  attenuated  mercury 
that  before  had  filled  the  whole  phial,  and  nuuie  al) 
the  water  in  k  opake, 

That  other  perlbns  may  more  eafily  fuccce^l  in 
this  experiment, .  I  muft  inform  them,  that  I  huve 
generally  made  ufe  of  a  ten  ounce  phial,  about  a 
quarter  of  it  filled  with  quickfilver^  and  d)e  reil 

witlj 
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with  diftilled  water^  fhaking  it-  as  Sdolently  a»  I .  can^ 
gpenerally  giving  it  ten  or  a  dozen  (hakes  in  quick 
fiicceffion,  in  the  manner  defcribed  above;  and  then 
waiting  till  the  water  and  quickfUver  be  iepamed 
from  each  other»  which  gives  me  a  fufficient  inter* 
val  of  time  to  reft  from  my  labour. 

The  above-mentioned  experiments  may  be  made^ 
with  the  fame  refults^  by  fubftituting  Jpirit  of  wm 
for  water. .  After  agitating  Ibme  quickfilver  in.  fpi- 
rit  of  wine  till  it  was  very  turbid,  I  placed  the  phial 
containing  them  in  a  pah  of  water,  and  preftntly 
after  it  had  boiled  all  the  blackneis  difappeared. 
Agitating  it  again^  when  it  was  hot,  had  no  effeA  ; 
and  when  it  was  cold  the  blacknefs  did  not  return. 
The  black  powder  thus  procured  became  running 
mercury  when  it  was  dry,  but  it  was  not  fo  bright  as 
that  which  had  been  agitated  in  water.  Letting  a 
quantity  of  it  remain  fix  or  feven  hours  upon  a  plate 
of  glafs,  on  the  iron  plate  of  a  Bath  ftove,  in  which 
there  was  a  pretty  good  fire,  it  loft  its  metallic  luftre 
and  confiftence,  and  became  a  white  powdery  Jub^ 
fiance^  which  was  completely  difTolved  in  fpirit  of 
fait,  and  thereby  appeared  to  be  a  perfeA  calx  of 
mercury,  though  it  was  not  brought  to  the  fbte  of 
preciptiUe  ferfe. 

Having  now  advanced  another  ftep  in  my  in^ 
vpftigation  of  the  changes  of  mercury,  in  palling 
from  the  Juper-pblogifticated  to  the  dephlogifticatcd 
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ftate ;  I  vrcat  dirough  the  fame  procefs  witfi  the 
black  powdjcr  procured  by  the  agitauon  of  mercm^ 
in  water,  covering  with  it  the  greateft  part  of  the 
lurfateof  a  watch  ghft  (which  I  finda  reiy  comr- 
nicnt  thing  for  many  fmall  experiments)  and  placing 
it  on  the  plate  of  the  Bath  ftove,  very  near  the 
fire,  fo  that  difiercnt  parts  of  it  might  be  expofed 
to  different  degrees  of  hear.  The  refult  of*  diis  ex* 
perirtient  was  Very  fatisfedory  and  pleafing. 

At  firft>  as  I  have  obferved  before,  the  black 
powder  became  running  niercury  i  but  presently 
after  it  adhered  pretty  firmly  to  the  glafi,  and  then, 
looking  on  the  back  fi^e  of  it,  \  found  it  made  the 
moft  perfedt '  mirror  imaginable,  a  better,  1  ihould 
think,  than  that  which  is  made  with  mercury  and 
tin.  With  a  longer  expoftire  to  the  feme  heat  it 
loft  its  metallic  luftre,  and  ^became  a  white  pow- 
dery fubftance ;  and  with  more  heat  it  alTumed  a 
brown  colour.  Yet  a  quantity  of  this  brown  mat- 
ter, though,  I  doubt  not,  it  was  an  approach  to  4 
-ptoiptr  precipitate  per  fey  was  not  wholly  difiblve^ 
in  fpirit  of  fait,  fo  that  the  calcination  had  been  im- 
perfeft. 

It  was  pleafing  to  obferve  the  mercury  withm  fo 
fmall  a  compafs  as  that  of  a  watch'  glafs,  in  three 
of  the  ftates  above-mentioped,  viz.  die  white  metal* 
lie  ftate,  the  white  calx,  and  the  brown,  or  the  dc- 

I  ■  phlo^fticate^ 


phlo^fticatcd  ftafi^r  On  a  larger  pkte  of  glafs  all 
the  four  ftates  might  have  been  exhibited  in  their 
natural  order,  the  black  powder,  or  the  fuperphlo- 
gifticated  ftate,  preceding  the  reft.  The  order  in 
which  thefe  difiercnt  ftatcs  of  the  niercury  fucceed 
each  other  \s  a  proof  of  the  hypotheiis  I  have  ad- 
vanced on  the  fubjeft. 

\tk  repeating  thefe  experiments  I  afterwands  found 
feme  exceptions  to  this  obfervadon.  Having  a 
large  quantity  of  this  black  matter  in  a  glafs  phial, 
k  hap^ned  to  be  broken  hj  the  freezing  of  the 
water*  with  which  it  was  mixed.  I  did  not  notice 
it  at  the 'time,  but  1  afterwards-  found  a  confiderable 
quantity  of  running  mercury  in  the  place  where 
the  bottle  had  ftood,  and  .befides  that  a  thick  cake 
cf  dry  black  matter,  which  however  appeared  to 
be  nothing  but  mercury,  as  it  was  completely  dii^ 
iblved  in  fpirit  ci  nitre. 

I  muft  obferve  ferther,  that  fome  of  this  black 
matter  which  I  procured,  by  agitating  mercury  in 
water,  has-  not  always  become  perfeft  running  mer- 
cury by  the  evaporation  of  the  water  with  which 
it  was  mixed,  but  has  ibmetimes  left  a  black  ftain 
on  the  vefiel  in  which  it  was  contained.  This^ 
Jiowever,  has  difappeared  by  the  aflFiifion  of  Ipirit 
of  nitre. 

I  ihall  now  mention  fome  other  circumftances 
relating  t6  die  agitation  of  water  in  mercury,  the 

cauies 
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caules  of  which  I  own  I  do  not  iindetftand9  and 
fome  of  them  feem  to  militate  againft  the  hypothe*- 
fis  advanced  above.  But  this  gives  me  no  par- 
ticular concern. 

Ilideed  the  greateft-  ^fliculty  arifes  from  the  fa£t 
mentioned  above>  viz.  that  water  which  has .  been 
often  ufed  in  this  prbcefs  has  a  much  quicker  and 
greater  efieft  dian  water  that  is  ufed  the  firft  time. 
This  is  more  efpecially  the  cafe  with  water  that  has 
been  diflilled  a  long  time.  This  pertainly  proves^ 
that  fome  change  has  b^n  made  in  the  water  as 
well  as  in  the  quickfilyer^  But  if  the  water  com- 
municates phlog^on  to  mercury^  it  might  be  ex- 
peAed  that  it  would  ^ve  it  more  readily  at  firft 
than  afterwards. 

Alfo>  if  it  be  water  that  communicates  the  phlo« 
gifton  to  the  mercury,  it  might  be  expected  that 
water  frefh  diflilled  would  have  a  greater  eSe£k,  on 
account  of  the  empyreuma  that  it  is  fuppoledto 
acquire  by  diftillation,  and  which  is  known  not  to 
leave  it  of  a  confiderable  time.  And^  in  general^ 
I  have  found  that  water  frefh  diflilled  fboner  be« 
comes  turbid  in  this  procefs  than  water  that  has 
been  long  diflilled,  but  not  fo  foon  as  lyacer  that 
has  been  often  ufed  for  this  purpqie.  Alfo  when 
I  have  re-diftilled  water  that  has  been  much  ufed 
in  thefe  experiments,  itiias.  been  as  readily  afTe&ed 
jis  before  the  fecond  diftiUation  \  but  with  this  dif* 

fercnce^ 
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ference,  that  the  black  powder  has  been  much  longer 
in  (ubfiding  than  it  had  been  before, 

I  have  often  found  great  differences  in  water  in 
this^rcfped.  In  general,  if  the  water  has  been 
long  diftiliedy  and^frequendy  ufed,  the  depofit  will 
be  comfdetely  made  in  a  few  minutes ;  whereas  I 
have  fomedmes  found  that  the  water  has  not  be« 
come  clear  (ufing  the  lame  mercury)  in  three  or 
four  days.  And  even  when  the  blacknefs  has  dis- 
appeared, a  white  cloudinefs  will  remain  I  do  not 
know  how  long* 

I  found  fbme  difierence,  but  not  fo  much  as  I 
had  exuded,  between  water  diftilled  with  a  gentle 
heat  without  boiling,  and  water  that  was  made  to 
boil  violently  during  the  dtftiUadon,  though  both 
were  diftilled  in  glais  veflels.  They  both  became 
turbid  pretty  ibon,  and  the  quantity  of  black  pow- 
der was  nearly  equal  from  both,  in  the  fame  time ; 
but  ^t  which  had  been  haftily  diftilled  deported 
its  fediment  in  about  ten  minutes,  whereas  the  other 
had  done  it  very  imperfefUy  in  an  hour.  I  would 
not,  however,  be  pofiuve  that  a  fecond  experiment 
of  this  kind  would  have  a  fimilar  refult,  as  this 
circumftance  may  depend  upon  a  cauie  not  yet  in-r 
•vcftigated. 

There  was  fomething  remarkable  in  the  pheno- 
mena that  occurred  in  uiing  a  quantity  of  water 
frefh  diftilled  in  a  copper  veflel,  and  a  pewter 

worm^ 
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worm,  in  thtf  common  wajr ;  but  in  which  (bmc 
elder  flowers  had  been  diftilled  about  a  year  before^ 
ib  that  the  water  had  a  flight  fmell  of  it.  But  whe- 
ther thb  circumftanee  has  any  thing  to  do  with 
what  1  am  going  to  defcribe>  I  cannot  tell. 

Agitating  the  quickfilver  in  this  water^  it  pre- 
fently  became  very  turbid,  but  the  fediment  was 
not  depofited  in  a  week,  or  indeed  completely/  in 
a  fortnight;  and  then  the  water  retted  a  white 
doudineis.  But  the  moft  remarkable  circumftanee 
was  chat,  in  agitating  the  mercury  in  this  water,  the 
whole  mais  was  prefently  divided  into  fmall  glo- 
bules, not  larger  than,  the  fmalleil  pins  heads,  and 
did  not  very  readily  unite  again.  Several  times  I 
have  found  that  the  mercury  thus  divided  would 
dK)ak  up  the  mouth  of  the  phial,  which  is  about 
half  an  inch  wide  $  to  tha^  holding  it  perpendicu* 
larly,  it  would  ,not  run  out  at  all  in  ieveral  feconds. 
It  has  even  required  (baking  to  get  it  all  out.  It 
has  then  exhibited  a  Angular  and  beaudful  appear^ 
ance  in  the  cup  into  which  the  phial  was  emptied, 
whereas  the  very  fame  quickfilver  agitated  in  other 
water,  immediately  before,  and  after,  has  been  at- 
tended with  no  other  than  the  common  appearance. 
It  was  alio  remarkable,  that  this  divided  mals  of 
mercury,  after  the  moft  violent  agitadon  in  the 
^ter,  fell  inftandy  to  the  bottom,  like  a  quantity 
of  leaden  fbot  i  whereas,  in  general,  as  I  have  ob- 
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feired,  the  mercury  and  water  gee  intang^  in  fuch 
a  manner,  chatthejr  do  nocindrdy  feparate  in  ieveral 
ieooads. 

Imagining  at  firft>  diat  die  power  of  re-union^ 
in  die  divided  mercury,  mi^  perhaps  have  been 
impaired  by  (brpe  efied  of  die  finall  reaiains  of  die 
elder  wacer,  mixed  widi  die  frefli  diftilled  water  in 
which  it  was  now  a^cattd,  I  made  trial  of  nrni 
water,  but  wkhout  any  fuch  efie£t  A  oonfiderafale 
dme  afterwards,  however,  I  feund  odier  methods 
of  producii^  the  &mc  efieft,  and  even  in  a  much 
more  remarkabk  manner*  diough  I  am  ftili.  at  a 
lofs  .to  account  for  die  frmm^^  caujt  of  the  phe-^ 
nomenoo.        .     . 

Having  a  {diial  containing  fome  water  imper*^ 
fedtly  impregnated  with  vitridic  aci4  air,  and  like^ 
wiie  a  quandty  of  the  quickfilver  on  which  the  im- 
pregnatibn  had  been  made,  I  found  that  when  they 
were  agitated  together  the  wfac^  mais  of  quidcfilver 
was  divided  into  imall  globules,  and  that  they  did 
not  perfedly  re-unite  after  being  at  reft  a  day  and 
nighc  But  when  the  phial  was  heated,  they  uniifd 
as  readily  as  in  common  water.  When  it  was  cold 
again,  the  mercury  was  divided  by  agitation,  and 
continued  divided,  but  nottjuite  fo  much  as  be^ 
fore. 

This  bebg  an  tfo^Jiquor,  I  made  trial  of  other 
add$ ;  and  I  found  the  iame  cfieft  with  nd  rfvitrid4 

but 
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but  the  divifion  of  the  mercury  into  fmall  ^obules 
did  not  continue  very  long>  and  when  it  was  hot  the 
effeft  was  inconfiderable. .  But  the  moft  complete 
tSt&  of  this  kind  is  produced  by  vinegar.  A  very 
litde  agitation  of  mercury  in  this  acid  divides  it 
into  the  fmaUeft  globules  i  and  they  continue  with- 
out any  apparent  difpofition  to  re-unite^  even  when 
very  hot.  While  this  divided  mercury  is  in  the 
vinegar  the  globules  may  be  poured  from  one  part 
of  the  phial  to  the  other  exactly  like  fine  dry  fiuid^ 
and  they  exhibit  a  fingular  and  beautiful  zjpptix^ 
ance.  All  the  vinegar  muft  be  evaporated  by  heat 
before  theie  globulq|will  unite. 

Mercury  agitated  in  Ipirit  of  ialt»  and  alio  in  a 
wdadle  alkaline  liquor^  was  not  attended  with  any 
remarkable  appearance  of  this  kind. 

I  have  fometimes  been  much  amuied  with  an« 
other  fingular  appearance.  In  agitating  mercury 
in  wacer^  efpecially  when  frefh  diftilled  (when  there 
has  not  been  a  bubble  of  sur  in  the  phial)  large  balls 
of  various  fizes^  fbme  not  lefs  than  half  an  inch  in 
dieter,  have  not  cHily  rolled  i^n  tjie  furface  of 
the  mercury,  after  it  had  completely  fubfided,  and 
continued  there  a  corifidcrable  time,  but  have  float- 
^  up  and  down  in*  the  water,  like  fbap  bubbles  in 
)the  air.  Thefe  bubbles  muft  confifl  of  water  in- 
ciofed  in  a  thin  pellicle  of  mercury,  for  when  they 
Iwuft,  nothing  vifible  comes  out  of  tfacm,  and  the 

quantity 
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quantity  of  niercurjr  about,  liidn  is  not  enough  to 
be  perceived  in  its  defcent  through  the  water  after- 
wards. 

I  may  alio  mention,  as  another  pleafing  pheno* 
menon  in  theie  experiments,  the  viewing  of  a  fmall 
quantity  of  the  moiftened  black  powder  with  the 
microfcope.  For  in  the  inftant  that  it  becomes 
dry,  the  colour  changes ;  and  in  {o  fmall  a  quan- 
tity the  change  is  almoft  inftantaneous,  fo  that  the 
black  globules  immediately  become  white,  and 
beautifully  polifhed  ones. 

In  order  to  afcertain  what  change  had  taken 
place  in  the  water  in  which  mercury  had  been  agi-» 
tated,  I  diftilled  a  quantity  of  it,  and  the  refult  of 
the  experiment  is  rather  in  favour  of  the  water 
having  feized  upon  the  calx  of  the  mercury,  than 
of  its  having  parted  with  any  phlogifton  to  it. 

Afterthediftillation  I  found  aconfiderablequan'- 
tity  of  a  yellowifli  refiduum,  which,  wheii  it  was 
expofed  to  heat,  on  ^  plate  of  glais,  became  quite 
hlacki  and  with  more  heat  was  brown.  Being  ex- 
posed' to  the  open  air,  it  became  very  moift.  Fue- 
ling it,  after  this,  into  a  glafs  tube,  and  expofing  it 
to  a  red  heat,  a  whitilh  matter  fublimed  from  it, 
and  coated  thcinfide  of  the  tube  at  fome  diftance 
iromit.  This  matter  was  hot  diflblved  by  fpirit 
of  fait  I  and  there&re,  though  I  think,  from  the 

appear- 
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appearance  <^  it,  it  was  probably  a  calx  of  niercuiy^ 
k  muit  have  been  an  imposed  one»  contakung  a 
confiderable  proportion  of  phlogifton. 


SECTION     HI. 

Of  tU  EffsSl  of  long  continued  Afftation  en  ^ck^ 

JUvet. 

IN  order  to  ^ve  quickGlver,  in  coi^iindion  with 
various  other  fubilancesj  a  much  jnorei  and  a 
longer  continued  a^tation,  than  I  was  able  to  g|ive 
them  by  fhaking  the  phials  that  contained  them  m 
my  hand,  I  got  a  ftrong  wooden  box^  and  had  a 
contrivance  in  a  neighbouring  mill  to  have  it  a^ 
tated  whenever  the  mill  was  in  motion,  which  I 
found  was,  at  a  medimn,  about  twelve  hours  in 
twenty  four.  There  was  fome  di&renoe  in,  th? 
circumflances  of  the  quickiilver  ip  all  the  veflfefab 
and  1  ihall  give  a  brief  account  of  what. I  obf^rred 
with  lefpefi:  to  them*    The  box  was  jmade  yp»  awi 

fcnt 
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Dent  CO  the  mill  on  the  9th  of  December^  1777,  and 
the  contents  of  it  were  examined  on  the  loth  of  N^y 
following.  ^ 

'  No.  I.  An  eight  ounce  phial  with  a  ground  (lop« 
per  cohtmiing  a  pound  of  quickfilver,  except  five 
pennyweights  which  it  had  Iq&  by  frequent  dota- 
tion in  the  fame  diftilkd  water  with  which  it  was 
now  fliut  up>  the  water  being  about  four  times  the 
bulk  of  the  quickfilver^  marks  being  made  upon 
the  phial  with  a  file,  to  denote  the  height  of  the 
water  •  and  of  the  quickfilver*  When  it  was  ex- 
amined,  the  water  appeared  to  have  beendiminiflied 
one  feventh  in  its  bulk,  having  poffibly  made  its 
efcape  by  the  fide  of  the  Hopper.  The  quickfilver 
had  loft  eighteen  grains,  which  was  probably  the. 
weight  of  the  black  powder  that  was  formed  in  it  i 
but  what  I  thought  the  moft  extraordinary  cir-> 
cumftahce,  was  that  the  bottom  of  the  phial  was 
dnged  with  a  deep  orange  colour.  Not  willing 
to  put. other  water,  or  other  quickfilver  into  this 
phial,  I  made  no  other  trial  of  the  air>  than  by 
letdi^  a  fmall  candle  down  into  i^  and  I  obfervod 
that,  to  all  appearance,  it  burned  very  well. 

No.  II.  A  glafs  tube  hermedcally  fealed,  con- 
tambg  quickfilver  and  diftilled  water,  which  had 
been  a^tated  one  month  before,  in  confequence  of 
which  a  good  deal  of  black  powder  had  been  form-- 
/   Vol.  III.  H  h  ed^ 
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ed.  This  ^had  received  an  increaie  of  black  powder, 
^  pare  of  die  vdTd  was  coated  widi  the  hrom. 
matter  above-mendoned. 

'  No.  III.  A  three  ounce  {rfiial  with  atgroulxl  ftop- 
per)  containing  quickfdver  and  Miter  (fi^illed  in 
glais,  skbout^  twice  the  biilk  of  the  ^{tuckfilver.  The 
furface  of  the  mercury  was  well  covered  wkh  black 
powder,  end  befide  this^  a  good  deal  adfaened  to  die 
bottom  of  the  phial,  and  was  aUb  difpoled  in  (beaks 
alrhoft  furrounding  it,  in  the  middle  of  ijiat  poit 
of  the  phial  that  had  been  oqci^ied  by  the  mer- 
cury. >  This  black  coating,  viewed  in  a  cerada 
light,  appeared  of  a  dirty  orange  colour.  A  cu^ 
die  burned  in  die  top  of  the  phial. 

'No*  IV.  A  three  ounce ^phial with  a  ground  fio{>- 
per,  about  one  fifth  filled  witti  quickfihrer^  without 
water.  The  quickfilter  was  weU  covered  wich 
1>lack  powder,  and  alfo  a  great  paft  of  the  infide  of 
the  phial.  A  candle  'burned  in  it  very  well  Whe- 
ther this  quickfilver  was  perfe6Uy  pure  I  cannot 
abfolutely  fay.  If  it  had,  I  can  hardly  ihink  theie 
would  hive  been  fo  much  black  powder  {  sod  yet 
had  it  been  very  impure,  the  air  within  the  phial 
would  have  bden  phlogiHicated.  If  &e  quickfitver 
'was  pure,  the  agitation  mufl:  have  difpoled  one  pott 
of  the  quicklilvtr  to  part  with  its  phlog^iBon,  flud 
another  part  of  the  fame  mais  to  have  itoetvcdic^ 

^idiicfa 


^hich't^e  dreiimfisuices  in  the  ochicr  .ca^  fc^^' 
probaUe;  aod  if  we  admit  tlus  hypothefi^>  we  iha^ 
be  relJRdvfd  fpom  the  fuppoiOicion  o£  the  water^  v^ 
ebe  fpnper  expeiioients^  xxuntQUnicadog  the  phlp- 
gHlpn  ^  ii^e  qvrcldUye^^  in  order  ^o  the  form^ti(){i 
jcjfitbf  !?l«:k  powder;. 

No.  y .,  A  two  oipce  phial  Wldi  a  gronrjd  fto^ 
.p<^,  <}QEiQumng  quk}dUver  and  fpirit  of  >;^ine,  the 
fatter  one  abd  a  half  more  in. bulk  t^an  the  formes^ 
The  ^irit  was  abttle  din^ini^d  iii  bulk^  the  mer- 
:Cuiy  bad  more  Wack  powder  lipon  it  than  ^eije 
vwa3  in  the  phial  ciHi^ining  quickjGiver  apd  water^ 
-rod.a  compa&  body  of  this  bl!tck^aw4er  .<:ftYercd 
one  fide  of  the  phial  i  beginnii^  at  :the  Surface  of" 
•die  ffHrit,  and  readung  to  the  top^ 

No.  Nl.  A  two  ounce  phiftl  !«ith  a  gmtind  Aop- 

4)or>ooQtainingmeFCuryandoiloftui;pecMiin?>  about 
-one  and  A  half  as  .much  as  the  h^.x^f.tbt  mec- 
•cury.     In  this  these  was  no  fei^ible  chdnge. 

I  liave  qbfeiyed  that,  in  the  phial  ia  Which 
.quickjBhrer  only  I^adbeqn  agiu^t^i  iUld  ^fo  in  an- 
.other  which  had  contained  both  qi{icJMllver  i^ 
»fater>  thefe  was  a  quantity  .of  browni£b ;  oiaiter  jftd- 
ihrribg  n>itheiglafi.  dHbd  this  m^tt^r  hc^^c2)jL 
*iOf  teadi  ^mixed  with  the  mercury,  jti^e  ^  vti^ixn 
-theifdual  would  certainly  ^have  be^  phlogifttCatcd* 
i9t(tdes  ;I  am  pretty  fure.tl^  ^  I  -bad  xskm  fuffickot 
.     .  Hh  2  care 
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care  to  have  this  mercury  pure.  I  am  therefore 
inclined  to  thiiik,  notwithftanding  the  peculiar  man- 
tier  in  which  it  was  produced,  that  it  was  the  pre^ 
cipitate  per  fe.  The  few  obfervations  that  I  did 
make  upon  it  are  all  in  favour  of  this  foppofidon. 
When  I  expofed  it  to  the  heat  of  the  fire,  it  be- 
came  of  a  deep  aiid  proper  orange  colour,  and  when 
I  expofed  the  phial  that  contained  it  to  a  great  de- 
gree of  heat,  but  not  fufficient  to  melt  the  glafi, 
the  air  widiin  the  phial  was  fotind  afterwards  to  be 
rather  better  than  common  air,  though  not  (b  much 
as  that  I  could  be  abfolutely  certain  the  ieeming 
difierence  might  hot  have  been  owing  to  ibme  acci- 
dent in  nfwJcing  the  experiment. 

But  what  I  think  the  mod:  nearly  decifive  in  fii- 
vour  of  this  hypothefis  is,  that  the  phenomena,  at- 
tending the  iblution  of  this  fubibmce,  and  of  the 
-fricipitateper/ei  in  ipirit  of  ialt,  are,  in  all  the  re-r 
fpe£b  in  which  I  compared  them,  the  very  iame. 
'Thb  orange  coloured  matter  in  the  i^ials  was  in- 
fiandy  diflblved  by  the  ipirit  of  fait,  which^  from 
being  of  a  light  flniw  Colour,  became  colouilefs, 
like  water;  and  when  it  was  afterwards  evaporated, 
k  left  a  perfectly  white  fubftance  behind.    In  all 
d^fe  particulars  die  foludon  of  a  fmall  qxiandty  of 
precipitate  ptrje  was  attended  with  die  iame  appear- 
^ances.    Alfo  when  a  litde  of  both  ^trifi^  was 
?  laid 
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laid  on  a  thin  plate  of  glais^  and  expofed  to  the 
heat  of  a  cahdle^  they  wei^  evaporated  in  a  white 
finoke,  exadly  alike. 

Admitting  this  fubftance  to  be  a  true  preciptaie 
per  fe^  or  a  complete  calx  of  mercury,  we  may 
perhaps  explain  the  formation  of  the  black  ptmder 
produced  by  the  agitation  of  mercury  in  water,  by  f"" 
fuppofing  that  while  one  part  of  the  mercury  is 
fuper-pMogifticated,  and  becomes  black,  another 
part  of  the  lame  ma&  is  dephlogifticated  or  re* 
duced  to  a  calx,  which  is  firft  white,  but  would  in 
time  aflume  an  oraqge  colour.  And  tb^  the  wai- 
ter diilblves  a  part  of  this  calx,  ieems  probable 
from  the  obiervadon  I  mad^  on  the  depofit  made 
by  it  when  it  was  evaporated 
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SECTION     IV.  . 

E^erimefts  proving  the  griai  V^laHBty  (f  ^ytk^ 

% 

1"^HAT  mercury  is  volatile,  e^en  in  the  tllfr» 
-  perature  6f  th6  admofphere,  when  its  ibr&ctf 
is  expofed  to  a  vacuum^  has  been  long  evident  frotrt 
obfervatjons  on  the  barofneteri  iri  IbitW  «f  which^ 
<xpoJcd  \ri  the  fuh^  a  perf^  dlftilladon  is  per-* 
petually  going  on  5  the  invififete  mefttnial  vapow* 
always  rifing  on  the  warmer  fide  of  the  tube,  and 
then  forming  into  globules,  and  running  down  the 
oppofite  fide^  in  the  form  of  dcnfe  fluid  mercury. 
But  the  experiments  I  have  lately  made  feem  to 
Ihew  that  this  heavy  fubftance  is  not  lefs  volatile 
when  confined  by  vitriolic  apid  air^  though  prefled 
with  the  weight  of  the  atmofphere,  and  that  it  is  in 
ibme  meafure  volatile,  ^yen  when  expoied  to  com- 
mon air. 

Prefcndy  after  the  djfcovcry  of  vitriolic  acid  air, 
i  obferved  that  when  the  cle&ric  explofion  was 
taken  in  it,  which  was  done  by  confining  it  with 
quickfilyer,  in  a  glafs  iyphon,  fo  that  the  ele&ric 

matoer 


matter  was  made  to  p&ft  Uom  the  inercury  in  one 
leg  of  die  fyphoa  to  the  naeFCury  in  the  other>  the 
tube  vas  jMrfeody  cohered  with  a  blade  incrufta- 
QODj  and  the  loflger  the  explofions  were  continued^ 
the  thicker  tlus  incruftatioD  grew.  I  bad  not  at 
that  time,  hov€ver>  any  fufpicion  that  this  black 
matter  came  from  the  qwckfilvef^  but  imagined 
that  it  was  altogether  fermed  from  t^e  vitriolic  aci4 
m.  This  I  was  then  led  to  conclude  from  there 
^iflg  no  fiich  appearance  when  the  electric  ipark 
ma  taken  in  onarine  acid  airj  though  confined  by 
mercury,  in  the  very  fame  manner. 

Afterwards^  obfervii^g  the  fame  black  matter, 
dioi^h  not  procured  with  the  fame  eafe,  or  in  fb 
great  a  quantity,  when  the  explofion  was  taken  over 
mercury  in  common  air,  I  could  not  help  fuiped- 
ing  that  this  black  matter  caine  from  the  mercury  ^ 
and  this  fufpicion  wa$  confirmed  by  applying  hea; 
to  it  i  for  it  was  thereby  converted  into  white  fluic)  , 
mercury.    I  thou^t,  however,  that  it  was  pro-- 
duced  by  the  eledric  explofion  volatilizing,  the  mi^r* 
cury,  in  confeque^ce  pf  falling  dircdiy  upon  it.  For 
though  the  heat  occafioned  by  fuch  an  explofion 
be  confined  tt>  a  fiTuU  fpacej  it  is  exceedingly  in^ 
tenfe. 

That  the  explofion  might  not  aflfeft  die  fluid 
mercury,  I  next  took  it  between  two  iron  wires, 
half  an  inch  above  the  furface  of  the  mercury,  iif 

Hh  4  the 
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/ 
t^e  vitriolic  acid  air  confined  by  it,  and  ftill  had  the 

black  matter ;  which  made  it  evident  that  the  elec-* 

trie  explofion  did  not  produce  the  evaporation  of 

die  mercury,  but  found  the  mercurial  vapour  dif« 

perfed  in  the  air.     I  alfo  made  the  fameezperi^ 

ment,  and  with  a  fimilar  refult,  in  comnion  ain 

But  in  this  caie  I  could  not  produce  the  black  mat« 

ter,  at  leaft  m  any  fehfible  quantity,  at  any  con- 

fiderable  diftance  above  the  llirface  of  the  mercury ; 

and  In  no  refpe£k  were  the  appearances  fo  ftriking, 

as  when  the  explofions  were  taken  in  vitriolic  acid 

air. 

I  took  the  ele&ric  explofion  between  iron  wires 
at  the  diftance  of  feveral  inches  above  (he  furface  of 
the  mercury  in  this  kind  of  air,  and  the  blacknefi 
within  the  tube  was  produced  juft  as  mu^h  as  it 
had  been  when  the  explofion  was  taken  immediately 
upon  the  quickfilver  itfelfj  and  on  applying  heat. 
to  the  black  matter  formed  in  thefe  circiimftances, 
It  prefently  became  running  mercury  as  before. 

Having  taken  the  eledric  explofion  at  various 
diftances  above  the  furface  of  the  mercury  by  which 

•  •  • 

the  vitriolic  acid  air  was  confined,  and  always  with 
the  fame  fuccefs ;  I  at  laO:  took  it  at  the  greateft 
diflance  that  any  glafs  tube  I  had  by  me  would 
admit,  which  was  about  three  feet  above  the  fur- 
face  of  the  mercury.  But  even  in  this  caie  the 
black  matter  was,  to  all  appearance^  produced  quitt 
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as  readUy>  a$  whei>  the  esplofions  had  been  taken 
ever  fonear  to  the  furface  of  the  mercury  ;  fo  that 
the  mercurial  vapour  had  completely  pervaded  this 
whole  fpace  of  vitriolic  apid  air^  and  in  a  very  (hort 
^e ;  for  I  took  the  e3cplofions  prefendy  afi^r  I  had 
prepared  the  tube  for  the  experiment. 

But  to  be  quite  fure  that  this  black  matter  did 
not  proceed  from  the  vitriolic  acid  air^  I  contrived 
to  take  the  eledtric  explofion  in  it  when  it  was  hot 
confined  by  mercury.  To  do  this,  I  completely  fa- 
tarated  a  quantity  of  water  with  this  kind  of  air, 
confined  in  a  gla^  tube,  in  the  top  of  which  I  had 
cemented  a  piece  of  iron  wire,  which  came  within  a» 
proper  diftaiice  of  the  extremity  of  another  piece  of 
yrire,  which  reache4  to  the  bottom  of  the  tube. 
The  impregnated  water  was  confined  by  mercury  in 
the  tube,  and  in  the  bafon. 

In  thefe  circumftances  a  fmall  degree  of  heat  made 
this  water  g^ve  o>it  its  a^r  ^  fo  tha(  all  the  upper 
part  of  the  tube  was  filled  with  it,  reflin^  on  the 
water  only.  Petwjfen  thele  two  wires  I  took  large 
cledric  explofiops  a  cpnfiderable  time,  but  no  black 
matter  was  produced.  It  is  evident,  therefore,  that 
this  black  matter  confifb  of  mercury /i^er-pklogifii^ 
catedi  the  phlogiflon  coming  from  the  ele£b-ic  matter 
when  the  explofions  are  taken  in  common  air,  but  chiefly 
from  the  vkriolic  acid  air  which  abounds  with  it. 
when  they  are  taken  in  that  air  $  and  this  account^ 

*  for 
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hr  the  appearances  being  fb  ninch  nidrci  remark^ 
aUe  in  this  kind  of  air  than  itk  common  air. 

But  though,  in  my  experiments  on  mercury,  »- 
cited  before,  mercury  fuper-phlogifticatod  by  ^« 
fiation  in  water,  and  affiiming  the  form  of  a  black 
powder,  becomes  white  running  mercury  tfie  mo-i 
ment  that  it  becomes  dry,  tlus  was  not  the  cafe  with 
the  black  matter  in  this  prbcefi.  However,  wh«i 
I  moiftened  a  little  of  it,  and  dried  it  ^ain,  I  thought 
ftat  part  of  its  Uacknefi  difappeared,  though  ndt 
Tery  fenfibly. 

Ethiops  mineral  is  a  eompofidon  of  mercury  and 
fqlphur,  and  therefore  rcfembfcs  the  li^ack  mat- 
ter produced  by  thefe  eleftric  explofions  in  ritriolf a 
aftid  air,  and  the  vapour  of  mercury  i  the  vitrk>lic 
acid  aiV  alone,  as  I  have  fliewn,  becoming  fulphur 
in  certain  circumftances.  I  thought,  therefore,  that 
this  black  matter  might  be  a  real  ethiops  >  but  when 
1  put  a  little  of  it  upon  hot  iron,  I  did  fiot  per- 
ecive  any  blue  flame  to  arife  from  it.  If,  there-* 
fore,  this  black  matter  be  an  ethiops  mineral, 
the  proportion  of  fidphur  in  it  muft  be  exceedingly 
fmall. 

It  ftill  remained  to  be  determined,  whether  this 
diffufion  of  mercurial  vapour  through  the  vitriolic 
^id  air  was  occafioned  by  a  proper  evaporaiiarf,  that 
is,  by  the  rcputfion  oLks  particles,  whereby  it  is 
made  to  alTume  an  eiaftid  form,  and  in  that  ftate  to 
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mioL  wkjithe  air;  or  whether  there  be  z  chianuai' 
pmm  formed  by  the  merctiry  and  this  kind  of  m> 
and  k  dierefore  become^  incorf9rate4  with  it    The 
Ibllowing  experiment  feems  to  decide  in  feyour  of  a 
proper  eydporation. 

I  put  a  fmall  globule  of  mercury  vaxo  a  narrow 
1^  tube,  commimicating  with  the  infide  of  the 
^hial  m  which  the  oil  of  vitrid  and  copper  for  tfae 
produdion  of  ritric^  acid  air  were  coiti»iied« 
But  though  I  heated  thefe  niaticr]als>  and  concuuied 
^e  produ£tioh  oS  yitriolic  acid  air  in  thefe  circnm-^ 
fiances  a  longtime,  fb  that  the  globule  of  mercury 
was  always  kept  e^Cpoied  to  a  torrent  of  this  kind  of 
;uri  newly  generated,  I  faw  noproipcA  of  its  being 
at  all  dinliniihed  by  it.  I  therefore  conclude  that 
vitriolic  dcid  air  does  not  properly  take  up>  ib  as 
to  combine  with  the  mercury.  However,  it  muft 
be  acknowledge  to  be  difficult  to  account  for  the 
quantity  of  mercury  contained  in  this  black  matter, 
in. whatever  manner  it  becomes  diffufed  thrcrugh 
the  air,  omfidering  that  this  globule  of  mercury 
was  not  fenfibly  diminifhed.  This,  however,  mfight 
poflibly  be  owing  to  its  being  continually  lurrounded 
with  a  little  moifture,  from  which  I  could  not  keep 
it  free  i  owbg  perhaps  to  the  oil  of  vitriol  not  being 
fufficiendy  concentrated,  fo  that  the  watery  part 
was  throwp  off  by  the  heat. 

I  alfo 
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I  alfo  found  much  black  powder  whenever  I  de«* 
compofed  dcphlogifticated  and  inflammabk  air  over 
mercury ;  and  as  it  was  no  doubt  of  the  fame  nature 
with  that  which  was  produced  by  the  eleftric  ipark 
in  vitriolic  acid  air^  J  fhail  fut^oin  the  experiments 
relating  to  it. 

In  this  procefs  the  jnfide  of  the  veflel  was  always 
very  black  after  each  explofion,  and  when  I  poured 
in  the  mercury  after  the  explofion/ though  there  was 
nothing  vilible  in  the  air  within  the  veflel,  there  if^ 
died  ftom  (he  mouth  oi  it  zden/e  vapour.  This  was 
even  the  caie,  (hough  I  waited  io  much  as  two  mi- 
nutes after  any  explofion  before  I  proceeded  to  put 
in  more  mercury  in  order  to  make  another ;  which 
if  the  vapour  had  been^^^i^,  would  have  been  time 
more  than  fufficient  \o  permit  it  to  condenie  into 
water.  I  even  perceived  this  vapour  when  I  had  z 
quantity  of  water  in  the  veflel,  and  the  explofion 
was  confequently  made  over  it^  as  weU  as  in  contaA 
with  the  fides  of  the  veflel  which  were  wetted  with 
it  I  io  that  as  this  vapour  had  pafled  through  the 
whole  body  of  water  when  the  veflel  was  inverted^ 
it  is  probable  that  it  muft  have  confifl^  of  fome- 
thing  elie  than  mere  water.  But  I  was  never 
able  to  coUeft  any  quantity  of  it,  though  it  mufl: 
have  been  fomething  produced  by  the  union  of  diQ 
(WO  kinds  of  air* 


In 


In  order  to  coUe£t  a  quantity  of  the  matter  that 
formed  this  vapour^  I  contrived  the  following  appa- 
ratus. In  a  cork  (a)  PL  VIL  fig.  3,  with  which 
I  could  (hut  the  orifice  of  the  ftrong-glais  veiTel  {ii) 
in  which  the  explofions  were  madej  I  had  two  per- 
forations. Through  one  of  thefe  (r)  I  poured  the 
mercury,  by  means  of  a  glais  funnel  1  but  into  the 
other  was  introduced  a  glais  tube,  which,  being 
bended,  was  inferted,  by  means  of  a  cork,  into  a 
thin  glafs  veflel  {i)  and  went  almoft  to  the  bot- 
tom of  it.  A  fmall  hole  was  alfo  made  in  the  cork, 
to  permit  the.  air  to  go  out.  Coniequently,  all  the 
air  that  remained  in  the  ftrong  glais  ycfiel,  with 
whatever  vapour  it  might  contain,  muft,  as  I  poured 
in  the  mercury,  neceflarily  pais  throu^  the  glafs 
tube,  and  be  difiuied  through  the  thin  ^afs  veflel ; 
in  which  I  ima^ned  that  all  its  contents,  fluid  or 
•folid,  muft  be  depofited.  However,  though  I  r&> 
peated  the  experiment  feveral  times  with  this  appara- 
tus, making  about  twenty  explofions  in  each,  I 
could  not  find  any  depbfit  in  the  veflel,  befides  a 
fmall  quantity  of  water ;  which,  added  to  the  wa- 
ter colledbed  in  the  i):rong  vefllel,  came  far  fhort  of* 
the  weight  of  the  air  that  was  decompofed. 

Being  defirous  of  afcertaining,  as  perfe&ly  as  I 
could,  the  nature  of  that  black  matter  which  I  pro- 
cured by  decompofmg  dephlogiflicated  and  inflam- 
mable air^  I  frequently  ex;plodcd  great  quantities 
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cfdietwokiods^andiieverfttledtoplkfth.  Bvtl 
hove  not  yet  been  able  peifedily  to  iadsfy  myielf  with 
idpefttotheji^ture  ef  it.  From  the  fUlowir^  ex* 
periments  it  icems  preay  certain^  diaC  wercmy  10 
fleceflaiy  to  its  produftion^  imd  I  have  ncvtr  fbuacK 
it  in  veffiis  4n  which  mercuty  had  not  been  con* 
tained.  1  did  not>  however,  find  it  tx>  be  a^bed 
xipon  by  Ipirit  of  nitre  (o  peadily  as  that  UackfoW" 
dnr  which  is  got  by  agitating  mercuiy  in  pme  water 
-(which  can  be  nothing  but  mercury  £]per-phlogifti^ 
,caced)  but  drought  that  it  approached  nearer  to 
the  a&ion  of  that  acid  .upon  Joot^  the*  blackne^  of 
*which  is  not  difchat^ed  except  by  frequent  afiufions 
of  that  acid* 

When  there  was  nitich  water  in  the  veflelin  which 
<the  eicplofions  were  made,  there  was  no. black  ttat*' 
ter^produced,  though  the  lower  part  of  the  veflel 
-contained  mercury;  and  diough  by  repeated  ex- 
-plbfiqns  in  thefe  circumftances,  the  water  did  be- 
come turbid,  and  dqx>fit  a  black  fediment,  it  was 
'by  no  means  fo  much  as  I  always  got  when  I  only 
•juft  moiftened  the  infide  of  the  veflfel,  by  filling  k 
•with  mercury  immediately  after  there  had  been  wa- 
ter in  it  In  this  laft  cafe,  all  the  infide  of  the  veflW 
^nevcr  fefled  to  be  made  exceedmgly  black  bf  every 
explofion ;  and .  repeating  this  proceis,  I  was  able^ 
i>y  pouring  in  water,  to  colleA  a  coniklerable  ^uan- 
/tity^Hilaek  fijdknent..    From  this  it*  fhould  ieem, 
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that  the  infide  of  the  veiTel  contained  a  fubtle  invifible 
Vapour  oftnercUryy  which  became  black  by  the  phlo- 
gifton  from  the  decompoled  inflamnuble  air ;  and 
this  black  powdcri  as  I  have  obierved,  is  not  much 
affe6ted  by  fpirit  of  nitre,  but  has  very  much  the 
property  of/cfif^  in  that  refpedt,  which  is  a  circunw 
ftance  that  certainly  d^rv^s  to  be  farther  invelli- 
gated. 

At  one  time,  having  die  infide  of  die  ftrong  glals 
tube  made  very  black  with  thefe  explofions,  I  let  it 
remain  a  day  or  two  expofed  to  the  common  air, 
when  the  blacknefs  .diCtppearedr  lesiving  the  infide 
of  the  veflel  covered  with  fmall  globules  of  white 
mercocy.  .  it  &ems,  therefore,  that  port  of  thp 
phlogifton  of  the  inflammable  air  fometimes  at- 
taches itfelf  to  the  vapour  of  mercury,  diffufed  invi- 
•fibliy  thraugh  the  'fpooe  within  the  veflel,  ^nd  that  «t 
quits  it  to  unite  to  theair  of  die  atmofphere. 
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-        SECTION      i. 

On  bating  Irm  in  depbhfffikaied  Abr^  Mdafierward$ 

in  injUmmabk  Jir^    . 

I  BEGAN  thefe  experiments  wkh  a  riew  to  as- 
certain whether  any  water  be  produced  when  ^ 
air  is  made  to  difappear  in  them.  Accordingly^ 
into  a  glafs  veflel  containing  feven  ounce  meafiires' 
of  pretty  pure  dephlogifticated  air,  I  introduced  a 
quantity  of  iron  turnings  (which  is  iron  in  fniaU 
thin  pieces^  exceedingly  convenient  for  thefe  and 
many  other  experiments)  having  previoufly  made 
them,  together  with  the  vefTel^  the  sdr>  and  the 
mercury,  by  which  it  was  confined  as  dry  as  I 
pofllbly  could.  Alfo,  to  prevent  the  air  from  im* 
bibing  any  molfture,  I  received  it  immediately .  in 

the 
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the  veffcl  in  which  the  experiment  was  .fladc,  from 
the  procels  of  procuring  it  from  red  precipitiate  j . 
To  that  it  had  never  been  iil  cdhtaft  with  any  wa^^ 
tcr. 

I  then  fired  the  iron^  by  means  of  a  burning  lensj  ^ 
and'prelently  reduced  the  feven  ounce  meafures  of 
air  to  65  of  a  meafure  ;  but  I  found  no  more  wa- 
ter after  this  procefs  than  I  imagined  it  had  not 
been  poflible  for  me  to  exclude,  as  it  bore  no  pro- 
portion to  the  sur  which  had  difappeared.  Examin-l 
ing.the  refiduum  of  the  air,  I  found  one -fifth  of  li 
to  be  fixed  air,  and  when  I  tried  die  purity  of  that 
which  remained  by  the  teft  of  nitroils  air,  it  did  not 
appear  that  any  phiogifticated  air  had  been  pro- 
duced in  the  procefs ;  for  though  it  was  rhorc  im* 
pure  than  I  fuppofe  the  *  air  with  which  I  began  the 
experiment  muft  have  been,  it  was  not  more  {o 
than  the  phlogifticatcd  air  of  the  feven  ounce  mea- 
fures, v^hich  had  npt  been  afiefted  by  the  procels; 
and  which  muft  have  been  contained  in  the  refidu-^ 
uih,  Would  neceflarily  make  it.  In  this  Cafe  on^ 
meafure  of  this  refiduum  and  two  of  nitrous  air  oc- 
cupied the  fpacc  of  .32  of  a  meafure. 
•  In  another  experiment  of  this  kirtdi  ten  oilnce 
meafures  of  dephlc^fticaccd  air  were  reduced  to  .8 
of  a  meafure,  and  by  waftiing  in  lime  water  to  .38. 

In  thefe  experiments  the  fixed  air  muft,  I  prc- 
fume,  have  been  formed  by  the  \uiion  of  the  phio- 
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gifton  ff^om  the  iron  and  the  dephlogifticated  air  in 
which  it  was  ignited  %  but  the  quantity  of  k  was 
fmall  in  proportion  to  the  air  which  had  dif- 
appeared^  and  at  that  time  I  had  no  fufpicion  that 
theiron^  which  had  been  melted,  and  gadiered  into 
round  balUj  could  have  imbibed  any  air ;  a  melting 
heat  having  been  fuHicient,,  as  I  had  imagined,  to  expel 
;very  thing  that  was  capable  of  afluming  the  form 
of  air  from  any  fubftance  whatever*  I  was  there* 
fore  endrely  at  a  lofs  about  what  muft  have  become 
of  the  air. 

Senfible,  however,  that  fuch  a  quantity  of  air 
muft  have  been  imbibed  hy  Jometbingy  to  which  it 
muft  have  given  a  very  perceivable  addition  of 
weight,  and  feeing  nothing  elie  that  could  have  im- 
bibed it,  it  occurred  to  me  to  weigh  the  calx  to 
which  the  iron  had  been  reduced  %  and  I  preiendy 
found,  that  the  dephlogifticated  air*  had  a&uaily 
been  imbibed  by  the  melted  iron,  in  the  fame  man- 
ner as  inflammable  air,  in  my  former  experiments, 
had  b^en  imbibed  by  the  melted  calces  of  metals^ 
however  improbable  fuch  an  abforption  might  have 
appeared  to  me  a  priorL  In  the  firft  inftance,  about 
twelve  ounce  meafures  of  dephlogifticated  air  had 
difappeared,  and  the  iron  had  gained  fix  grains  in 

^  It  will  appear^  however,  by  fubfequent  experimeDtB,  that  it 
was  not  dcphlogiitated  air  that  was  imbibed  by  the  iron,  but  ooly 
the  water,  which  is  by  hx  the  greatcft  pan  of  lu 
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weight.  Repeating  the  experiment  very  frequently, 
I  always  found,  that  other  quantities  of  iron,  treated 
in  the  fanie  manner,^  g^ned  fimilar  additions  of 
weight,  which  was  always  very  nearly  that  of  the  air 
which  had  diiappeaitd. 

This  calx  ci  ironj  I  then  concludedj  was  by  no 
itieans  what  I  had  before  taken  it  to  be,  "ttfa;.  a  fum 
€abcy  or  fiagy  but  either  the  calxj  or  the  iron  itftl^ 
faturated  with  pure  ain  This  calcifprm  fubftancq 
I  found,  by  yariou3  experiments,  to  be  the  ianK 
thing  with  xhe/ipalfs  that  %  from  iron  when  it  i% 
made  red  hot,  or  the  futddance  into  wh^h  it  run3  'm 
a  very  intenle  heat,  in  an  open  fire*. 

Concluding  from  the  preceding  ejiperii^ent,  that 
iron  fufficicntly  heated,  was  capable  of  ^turating 
icfelf  with  pure  air,  extrafttd  from  th^  :nw&.  of  th« 
atmoTphere,  I  then  pixKs^ed^d  t^  n»U  i(  with  tbq 
beat  oif  a  burning  lens  in  the  open  air  i  and  I  pre^ 
fendy  found,  that  perfb^  iron  wa9  enTily  fvftd  ii)  tbis 
way,  and  continiied  in  this  frifion  a  Q^nsijf  itime» 
exhibiting  the  appearance  of  ioiling  or  tbffWHg  9iti 
air, .  whereas  it  was,  on  the  contmry,  MiHng 
air;  and  when  it  was  &turatcd  th^  fufionceafisd,  ^od 
the  heat  of  my  lens^  could  notnudce  any.  farther  im«« 
preffion  upon^  it;    When  thb  was  the  aift»  I  al,wa^ 

wiU  be  given  ^crctftcr. 
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found  that  it  had  gained  weight  in  the  propordc^  of 
7i  to  24,  which  is  very  nearly  one  third  of  its  origi- 
nal weight.  The  fame  was  the  effedt  when  I  melted 
fieel  in  the  fame  circuniftances,  and  alfo  every  kind 
of  iron  on  which  the  experiment  could  be  tried. 

There  was  a  peculiar  circumftance  attending  the 
tnelting  of  cc^  iron  with  a  burning  lens>  which  made 
it  impoifible  to  alcertain  the  addition  that  was  made 
to  its  weight,  and  at  the  iame  time  afforded  an 
amufing  fpe£bcle  ;  for  the  moment  that  any  quan- 
tity of  it  was  melted,  and  gathered  into  a  round 
ball,  it  began  to  diiperfe  in  a  thoufand  diredions,  ex« 
hibiting  the  appearance  of  a  moft  beautiful  fire-work^ 
fome  of  the  paiticles  flying  to  the  diftance  of  half 
a  yard  froiti  the  place  of  fulion ;  and  the  whole  was 
attended  with  a  confiderable  hiding  noiie.  Some  of 
Ac  largeft  [neces  which  had  been  difperled  in  this 
manner  I  was  able  to  colled,  and  having  fubjeded 
them  to  the  heat  of  the  lens^  they  exhibited  the  fame 
appearance  as  the  larger  mafs  from  which  they  .had 
been  Icattered^ 

When  I  melted  this  caft  iron  b  the  bottom  of  a 
deep  gla&  receiver^  in  order  to  colledt  all  the  pard-^ 
des  that  were  difper&d,  they  firmly  adhered  to  the 
glais,  nieking  it  fuperficially,  though  without  mak- 
ing it  crack,  fo  that  it  was  ftill  impoffible  to  colle6t 
tad  weigh  the  parddes.  However,  I  jgenerally 
found  that|  notwithftanding  the  copigus  diiperfion^ 

what 
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what  remained  after  the  experiment  rather  exceeded 
than  fell  Ihort  of  tjie  original  weight  of  the  iron* 
Sometimes  a  piece  of  common  iron,  and  eipecially 
fteel,  would  make  a  little  hiffing  in  the  fufion,  and 
a  particle  or  two  would  fly  off  j  but  this  was  never 
confiderable  *. 

Having  now  procured  what  I  thought  to  be  a  new 
calx  of  iron,  or  a  calx  faturated  with  pure  air>  I 
endeavoured  to  revive  it  by  making  it  imbibe  in- 
flammable air,  in  the  fame  manner  that  I  had  be« 
fore  made  iron,  and  various  other  metals,  by  melt* 
ing  them  in  a  veflfel  containing  inflammable  air. 
In  this  1  fucceeded  i  but  in  the  courfc  of  the  experi- 
ment a  new  and  very  unexpected  appearance  occur- 
red. I  took  a  piece  of  iron  which  I  had  faturated 
with  pure  air,  and  putting  it  into  a  glais  vefliel  con- 
taining inflammable  air,  confined  by  water,  threw 
upon  it  the  focus  of  the  lens,  and  prefendy  perceived 
the  inflammable  air  to  difappear,  and  without  think- 
ing of  any  thing  efcaping  from  the  calx  of  iron 
(which  had  been  fubjeded  to  a  greater  heat  before) 
\  imagined  that  I  fliould  have  found  the  addition 

*  On  being  informed  of  the  above-mentioned  phenomena,  Mr* 
Watt  concluded,  that  the  bafis  of  the  dephlogifticated  air  united  to 
the  phlogifton  of  the  iron,  zpA  formed  vjoter^  which  was  attraded 
by,  and  remained  fo  firmly  united  to  the  calx  of  hx>n,  at  to  refift  the 
effedsof  heat  to  feparate  them.  Neither  he  nor  myfelf  had,  at 
that  time,  any  idea  of  the  quantity  of  water  that  is  a  conftitucttt 
part  of  dephlog^cated  air. 
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of  the  weight  of  air  in  the  iron,  and  the  rcfult  might 
be  an  iron  different  from  the  common  fort.  But 
I  fdund,  to  my  furprife,  that  the  iron  which  had 
exhibited  no  new  appearance  in  this  mode  of  treat- 
inent,  had  loft  weight,  mftead  of  gaining  any.  The 
piece  of  iron  on  which  I  made  this  firft  experiment. 
Weighed  dkven  grains  and  a  hall^  and  (even  ounce 
meafures  and  a  half  of  inflamnnable  air  had  difap- 
peared  while  the  iron  had  loft  two  grains  and  a  half, 

Confideriqg  the  quantity  of  inflamnnable  air  that 
had  difappeared,  viz.  {even  ounce  meaiures  and  a 
half,  and  the  dephlogirficated  jar  which  had  been  ex- 
pelled from  the  iron,  viz.  two  grainy  and  a  half^ 
which  is  equal  to  about  4.1  ounce  meaiuces^  I 
'Ibund  that  they  were  very  nearly  in  the  proper  pro- 
portion to  (attirate  each  other,  when  decompofcdby 
the  ckdllric  fp^k,  viz.  two  meafures  of  inflanuna- 
ble  ttir  to  diie  of  depHogifticatcd  air.  I  therefore 
had  now  no  doubt  but  that  the  two  kinds  of  air  had 
tiniced,  irtd>httd  formed  tiiktv  fixed  air  or  ivaferi 
l)Ut  which  k  was  'I  cbilld  not  tell,  having  had  water 
in  the  receiver  in 'Which  the  experiment  was  made, 
and  having  neglefted  to  examine  the  ftate  of  the  air 
^KaC  remained,  except  in  a  general  way,  by  which 
*I  found,  rthfttit  was  ftiU,  to  appearance,  as  inflam- 
Titidie  ^^>«n 

With  ^  view  to  detcfmirie  whether  jjy^i  tf/r,  or 
water f  would  be  the  produce  of  dus  mode  erf"  com- 
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bining  inflammable  and  dephlogifticated  air,  I  re« 
peated  the  experiment  in  a  vefiel  in  whicji  the  inflam- 
mable air  was  cx>nfined  by  mercury,  and  both  the 
vcSkl  and  the  mercury  had  been  previoufly  made  as 
dry  as  pofliUe.  I  had  no  fooner  begun  to  heat  the. 
iron,  or  rather  Jlagt  in  thefe  circumftances,  dian  I 
perceived  the  air  to  diminifh,  and  at  the  &me  time 
the  infide  of  the  veflcl  to  grow  very  cloudy,  with- 
particles  of  dew  that  covered  aimoft  the  whole  of  it. 
^piefe  particles  by  degrees  gathered  into  drops^  and 
ran  down  the  fides  of  the  vefiH  in  all  places,  except, 
where  it  was  heated  by  the  fun  beams ;  ib  that  it 
&en  appeared  to  me  very  evident,  diat  waUr,  widx 
or  without  fixed  air,  was  the  produce  pf  the  inflam- 
mable air,  and  die  pure  air  let  loofe  from  the  iron 
in  this  mode  of  operation  ;  but  I  am  now  ikisfied 
lAax  the  water  I  procui^  wasthe  iaiqe  thsitiihc  iroa 
had  before  imbibed.  When  I  had  examined  the 
remaining  air,  it  was  as  inflammable  as  ever,  with* 
eut  containing  any  mixtore  of  fixed  air  ac  allr 

When  I  collefted  the  water  which  was  produced 
in  this  experiment,  by  means  of  a  pi6^  of  filtering 
p^r,  carefiilly  introduced  to  abforb  it,  I  finind  it 
to  be,  as  nearly  as  poffible,  of  die  fame  w^ht  with 
that  which  had  been  loft  by  the  iron  :  and  alio,  in 
every  experiment  c^  this  kind,  in  which  I  atcead^ 
to  this  circumflance,  I  found  th^  th6  quafitity  of 
inflanmnable  air  which  had  difappeared,  was  about 

I  i  4  double 
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doubk  to  th^t  of  the  dephlogifticated  air  let  1oo(q 
from  the  iron,  iuppofing  that  weight  to  have  been 
reduced  into  ain  Thus  at  one  time  I  made  a  piece 
of  this  flag  imbibe  five  ounce  meafures  and  a  half  of 
inflammable  air,  while  it  lofl:  as  much  as  the  weight 
of  about  three  ounce  meafures  of  dephlo^(ticate4 
air,  and  the  water  colledted  weighed  two  grains. 
Another  time  a  piece  of  flag  loft  1.5  grains,  and 
the  water  produced  was  1.7  grains;  but  perfeft  ac- 
curacy is  not.to  be  expelled.  I  fhall  only  meniioQ 
one  more  experiment  of  this  kind,  in  which  flx 
ounce  meafures  and  a  half  of  inflammable  air  were; 
reduced  to  .92  of  an  ounce  meafure,  and  the  iron 
had  bft  two  grains,  equal  in  weight  to  j.j  ounce 
Qieafures  of  depblogiflicated  m^  In  all  the  above- 
mentioned  experiments,  th^  inflammable  air  was 
that  which  is  produced  by  the  Iblution  of  iron  iq 
acids. 

As  before  I  had  finilhed  this  courfe  of  experi- 
ments I  had  fatisfied  myfelf  that  inflammable  aii^ 
always  contains  a  portion  of  water,  and  alio,  that 
when  it  has  been  fome,  time  confined  by  water,  it 
imbibes  more,  fo  as  to  be  increaied  in  its  ipecific 
gravity  by  that  means,  I  repeated  the  experiment 
with  inflammable  air  which  had  not  been  confined 
by  water,  but  which  was  received  in  a  veflfel  of  dry 
mercury  from  the  veflel  in  which  it  was  gsenerated ; 
but  I  prefently  perceived  that  water  was  pn)duoe4 

4  in 
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in  this  cafe  alfo^  and  to  appearance  as  copioufly  as 
in  the  former  experiment.  Indeed,  the  quantity 
of  water  produced,  which  fo  gready  exceeded  the 
fveight  of  all  the  inflammable  air,  is  fufficient  to 
prove  that  it  muft  have  had  fome  other  fource  than 
any  conftituent  part  of  that  air,  or  the  whole  of  it, 
together  with  the  water  contained  in  it,  without 
taking  into  conHderation  the  correfponding  lo(s  of 
weight  in  the  ir6n. 

I  muft  here  obferve,  that  the  iron  flag  which  \ 
|iad  treated  ip  this  manner,  and  which  had  thereby 
loft  the  weight  which  it  had  acquired  by  melting 
\n  dephlogifticated  air,  became  ferfeS  iron  as  at 
firft,  and  was  then  capable  of  being  melted  by  the 
burning  lens  ag^in ;  fo  that  the  fame  piece  of  iron 
)vou]dferve  for  theie  experiments  as  long  as  the 
operator  fhould  chufe.  It  was  evident,  therefore, 
that  if  the  iron  had  loft  its  phlogifton  in  the  pre- 
peding  fufion,  it  had  acquired  it  again  frcnn  the 
Inflammable  air  which  it  had  abforbed^  and  I  dp 
not  fee  how  the  experiment  can  be  accounted  for 
\n  any  other  way,  which  neceflkrily  implies  the  reality 
of  phlogifton  as  a  conftituent  principle  in  bodies. 
This,  at  leaft,  is  the  moft  natural  wav  of  account* 
fng  for  the  appearances. 

.  Having  had  this  fucceis  with  the  calx,  or  fcale9 
ofirmy  I  tried  the  cak  of  coppery  or  thofe  fcales 
iirhich  fly  from  it  when  if  is  made  red  hot ;  and  \ 

found 
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found  water  produced  in  the  inflammable  air  in  the 
feme  manner  as  when  I  ufcd  the  fcaks  of  iron  in 
the  fame  circumftanccs. 

Iron^  I  founds  acquired  this  additional  weight 
by  melting  in  an  earthen  retort^  as  well  as  in  the 
open  air  by  the  fun-beams,  if  it  were  poflible  for 
it  to  attraft  air,  or  whatever  elfe  it  is  that  is  the 
immediate  cauie  of  its  additional  we^ht.  Three 
ounces  of  common  iron  filings,  expofed  to  a  ftroi^ 
heat  in  an  earthen  retort,  gained  eleven  penny- 
weights, or  264  grains,  and  yet  was  very  ftr  from 
having  been  completely  fufed.  Having  a  g^ 
tube  communicating  with  the  retort,  in  order  to 
collect  any  air  diat  the  iron  filings  might  give  ouc^ 
I  found  that  when  they  were  very  hot,  the  water 
afcended  within  the  tube ;  'wiiich  fliews  that  the  iron 
was  then  in  a  ftate  of  abforbing,  and  not  of  giving 
out,  any  air. 

Willing  to  try  tfie  effeft  of  heating  iron,  and 
other  fubftances,  in  aU  the  different  kinds  of  air, 
without  any  particular  expeftation,  I  found  that 
iron  melted  more  readily  in  -vitfiaik  acid  air  than 
in  dephlogifhcatcd  air,  the  air  was  diminilhed  as 
rapidly,  and  the  -irtfide  of  the  vefifel  was  covw^ 
with  a  black  Jooty  matter^  which  when  expofed  .to 
heat,  readily  fublimed  in  the  form  of  a  wliite  va- 
pour, and  left  the  glafs  quite  clean.  The  iron, 
after  the  experiment,  was  quite  brittle,  and  muft, 

I  pre- 


SeS.  IT.  o  M    I  K  o  K,  4^1 

I  prefume,  be  the  fatne  thing  with  iron  that  is  Jul* 
phunUed'i  but  I  did  not  particularly  examine  it. 
Of  fcven  ounce  meafures  of  vitriolic  acid  air,  in  one 
of  Aefe  experiments,  not  more  than  three  tenths  of 
an  ounce  meafure  remained ;  of  this  two  thirds  was 
fixed  air,  and  the  refiduum  of  this  was  inflammable. 
I  had  put  three  of  fudi  lefiduums  together,  in  or- 
der to  mak^  the  experiment  with  the  greater  cer- 
tainty. 


SECTION    IL 

4 

Of  the  ^antity  rfinflatmnabk  jTvr  yielded  hy  Iron  in 

its  different  States. 

• 

THE  moft  important  9f  all  the  mtals  is  un- 
queftionAly  irony  and  it  feems  to  be  that 
which  is  as  yet  the  moft  imperfcfiUy  undefftood> 
^nd  in  the  manufafture  of  which  there  is  the  great- 
eft  room  for  fardier  improvements.  But  as  all 
experhnemers  in  air  make  ufe  of  it,  at  leift  for  the 
purpofe  'of  procuring  inflammable  air  (diat  being 
i!he  cheapeft  proccfe  by  which  they  can  make  it) 
it  fells  daily  uiider  their  -obfervation,  and  in  confe- 

I  quence 
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quencc  of  this  it  may  be  hoped,  that  we  Ihall  gra- 
dually gain  a  more  perfect  knowledge  of  it,  and 
t|iat  this  know]edgr  wUi  lead  to  improvements  in 
pradlice.  I  cannot  promife  much  with  rdpedt  to 
my  own  obfervations  on  the  fubje£b,  but  all  new 
falls  ought  to  be  reported,  and  fome  that  have 
occurred  to  me  are  of  fuch  a  nature,  as,  in  the  hands 
of  manufacturers  in  a  lar^way,  may  perhaps  be  of 
fome  utility. 

One  of  the  greateft  differences  with  refped  to 
iron  is  between  that  which  is  called  caji  iron  (which 
is  the  ftate  in  which  it  comes  fronri  the  furnace) 
and  that  which  is  rtudkable.  In  the  former  date, 
t^iopgh  exceedingly  hard,  it  is  brittle ;  fo  that  it  can 
no  niore  be  brgvghf  iijto  apy  other  form  without 
melting,  than  glafs,  but  when  melted,  it  ftill  con- 
tinues iron.  In  the  malleable  ftate,  it  is  no  longer 
capable  of  being  melted  again,  and  continuing  to 
be  iron,  but  it  is  flexible,  and  without  melting, 
may  be  hammered  into  any  Ihape  that  is  wanted. 

I  had  formed  an  idea,  from  what  I  had  formerly 
read  on  the  fubjed,  that  this  great  change  ii^  iron 
was  made  by  nothing  more  than  violent  hammering 
while  it  was  red  hot ;  but  when  I  law  the  real  pro* 
cefs,  I  was  foon  convinced  that  this  was  a  miibke. 
For  in  the  finery  furnace  (or  that  furnace  which  is 
intended  to  refine  the  iron,  and  make  it  malleable) 
the  caft  iron  is  expofed  to  a  ftrong  blaft  of  air» 

4  while 
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while  it  is  ird  hot,  or  rather  in  a  iialf  melted  ftate  % 
and  it  is  this  blaft  of  air  that  is  the  moft  neccflaiy, 
if  not  the  only  neceflary  circumftance,  in  producing 
this  chanjge.  Alfo,  while  *the  iron  undergoes  this 
operation,  a  quantity  of  iiqiiid  matter  runs  from  it, 
and  when  it  is  cold  acquires  the  form  of  a  black 
cinder  i  which,  from  the  name  of  the  furnace  out 
of  which  it  flows,  is  called /»^  cinder.  The  na- 
ture of  this  fubftance,  1  think,  I  have  inveftig^tcd. 
When  this  finery  cinder  is  feparated  from  die  com- 
mon mals,  what  remains  of  the  iron  is  aftually 
malleable;  but  being  in  loofe  fpungy  maffcs  re- 
quires the  hammer  to  confolidate  it,  and  to  reducp 
it  into  a  proper  form  for  farther  operations.  Alfo, 
a  confiderable  quantity  of  finery  cinder  remains  in 
the  interlaces  of  the  fpungy  mafles,  and  the  ham- 
mer is  ufeful  in  feparating  it!. 

A  farther  remarkable  change  in  the  conftitution 
of  iron,  is  that  by  which  it  is  converted  into  fteel^ 
which  is  made  by  cementing  it  with  charcoal.  It  is 
then  capable  of  being  ma^e  elaftic,  and  of  receiving 
various  degrees  of  hardnefs,  according  to  the  fud- 
dennefs  with  which  it  is  cooled  after  it  has  been 
made  red  hot.  It  is  alfo  then  capable  of  being 
melted,  without  lofing  its  metallic  character. 

At  Birmingham,  I  find  it  is  common  to  fubjeft 
caft  iron  to  this  procefs  of  cementation ;  and  then 
it  is  laid  to  be  annealed.    This  gives'  ic  a  flight  de-^ 

grcc 
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gree  of  flexibilicyy  io  that  it  may  be  ufed  for  fome 
kinds  of  nails.  Having  an  opportunity  of  pro» 
curing  thefe  nails^  both  before  and  after  annealing 
I  have  made  nuny,  experiments  on  them^  and  find 
that  this  procefs  makes  a  remarkable  difference  ia 
the  chemical  properties  >  of  the  metal  \  and  fuch  as 
1  fhould  not  have  expefted  a  priori. 

Iron  that  is  annealed,  as  well  as  that  which  is 
malleable,  and  alio  fteel,  is  readily  diflblved  in  di^ 
luted  oil  of  vitriol;  and  leaves  very  little  refiduumi 
whereas  the  caft  iron  that  has  not  been  ^fuinealed, 
diflblves  with  great  difficulty,  and  when  it  is  dif? 
folved,  leaves  ^  great  quantity  of  black  refiduum^ 
The  folution  itfelf  is  alfo  attended  with  fome  ap- 
pearances of  a  very  ftriking  nature,  which  I  fhaU 
defcribe  as  they  occurred  to  me. 

From  twenty  four  grains  of  caft  iron,  in  the 
form  of  nails,  I  got,  by  oil  of  vitriol  diluted  with 
about  three  times  as  much  water,  in  the  courfe  of 
fome  weeks  (for  without  external  heat  leis  time  i^ 
not  fufficient)  fixty  nine  ounce  meafures  of  inflam- 
mable air,  exceedingly  offenlive  to  the  fmell.  The 
nails  dill  retained  their  form,  and  after  repeatedly 
heating  the  mixture  till  it  boiled,  very  little  more 
air  came  from  them,  I  examined  them,  and  found 
them  to  be  pretty  foft,  fo  that  I  could  eafily  cue 
them  with  a  knife.  They  had  alfo  the  fame  highly 
ofienfive  fmell  with  the  air  that  had  come  from 

them  I 


them ;  and  being  put  into  a  jar  of  common  air, 
they  ibon  diminiihed^  or  phlogifticated^  it. 

When  thefc  nails  were  dry,  they  were  britdej 
and  though  white  on  the  outfide,  they  were  black 
within  J  and  after  being  haftily  dried,  they  appear- 
ed to  have  gained  fifteen  grains.  This  experiment 
explains  what  I  am  told  is  commonly  obfcrved  by 
thofe  who  put  iron  pipes  into  pits,  in  which  there 
is  water  impregnated  with  vitriolic  acid.  For  in 
time  they  become  quite  foft,  or,  as  they  call  iz^ 
rotten^  fo  that  they  can  be  cut  with  a  knife.  That 
a  good  deal  of  all  the  conftituent  parts  of  irpn  re* 
mains  in  this  fubflance,  was  evident  from  the  re^ 
fult  of  my  melting  a  piece  of  it  with  a  burning 
lens.  For  though  it  neither  gained  nor  lofl  any 
weight,  it  fpirted  a  litde  in  the  fufion,  and  threw 
out  fparks,  juft  like  cail  iron  in  the  fame  experi-^ 
ment. 

I  was  too  hafly,  however,  in  concluding  that  the 
procefe  above-mentioned  was  over,  as  the  next  ex- 
periment will  (hew.  Half  an  ounce  of  caft  nails 
had  been  kept  in  oil  of  vitriol,  diluted  with  three 
times  as  much  water,  about  three  weeks,  and  though 
the  menftruum  had  been  changed  feveral  times^ 
and  they  had  yielded  130  ounce  meafures  of  air» 
they  retained  their  form.  But  I  then  perceived 
fome  fpecks  of  black  matter  fioadng  in  the  liquor> 
and  after  a  few  days  more,  I  fi)und  one  third  of 
\  the 
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die  phial  In  which  die  folution  was  made  quitd 
opake  with  them.  Nothing  then  remained  in  the 
form  of  a  nail;  and  during  this  breaking  uf>  of  the 
nails,  the  air  had  come  from  thenl  much  mord 
copioufly  than  it  had  done  for  a  coiifiderable  dme 
before.  For  the  whole  quantity  of  air  was  now  i  ^ 
ounce  meafures. 

The  air,  however,  comes  pretty  readily  at  the 
beginning  of  this  procefs.  For  fixty  ounce  itlca- 
fures  were  procured  in  a  very  few  days,  whereas 
that  quantity  was  not  got  in  as  many  weeks  after- 
wards, till  the  form  of  the  nails  was  deftroyed. 
The  black  powder  that  remained  after  this  proceis 
had  a  very  ofienlive  fmell ;  and  when  dried  haftily, 
weighed  eighteen  ^  grains.  From  another  equal 
quandty  of  thefe  nails  this  black  powdery  refiduum 
^weighed  foventeen  grains  and  a  half^  and  this  was 
the  ufual  proportion  of  its  weight  to  that  of  the 
iron. 

What  this  Mack  matter  really  is,  how  the  proceis 
of  annealing  can  fo  gready  tefien  the  quandty  of  it^ 
and  what  connexion  this  circumflance  has  with  the 
folubility  of  the  iron  in  acids,  are  queftions  that 
well  defervc  confideration ;  and  I  think  it  very 
polTible,  that  a  little  attention  to  the  fubjedt  may 
lead  to  an  eafy  folution  of  them,  and  a  farther  in^ 
fight  into  the  nature  of  iron. 


•■  •*  J 
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Another  phenomenon  in  the  fohitiori  of  this  Cftft 
iron  being  exceedingly  remarkable,  and  with  refpefl: 
to  myfdfi  an  u^quf  (for  I  have  never  been  able  io 
repeat  the  obfervatiori)  I  (hall  mention  the  particu- 
lars exa'ftly  as  they  occurred  to  tne,  and  as  I  noted 
them  in  my  re^fter  at  the  time. 

'  In  the  conrfc  of  one  winter,  I  had  put  haSf  in  ound^ 

of  caft  iron  nails  intx)  a  mixture  of  oil  of  vitriol  and 

watcr^  OTd  in  the  Ipace  of  -about  two  moritHli  in 

the 'cold.  Vireather, 'they  had  yielded  fcvcnty'two 

ounce  ^meafiires  of  air }  but  the  Aieridruum  'hdt 

-hwing  b<^n  changed,  miSich  cdppenli  was!  cohcreted 

among  tftfe  ^laik.    In  the  f<^bwin^  fpriitg>  wheri  ^ 

I  began  to  give  more  attention  to  the  procefe,  i  ■. 

changdd  Ais  liquor,  &nd  oceafiona&Jr  ^f^lifed  *'to  it 

the  heat  of  a  ouidle^  in  order  io  tfdcek^ait^  thetbltl- 

rtioft.  i  A  fel^  days  iftcr  this  1  obferved'fc  Aeliqiior 

41  ^gns^t  number  of  rr^Mj^tfr^f /AMi^/i^  a  qtmter, 

^  half  aft4ftGh  inlttgth^  ilifce  dte  flh^'^feiw,  paft 

tJftfrtWi  adlKring  to'tlife'dails> .«  <hfekilds,-biit  tffc 

^mat^ft  qtfantity  of  (tfefe 'fc*/rifffe  bjj^ 

'iftay  be'tafifcd,  il^etfe  a«ttfehedTi^oih  ditfi\,tena^fl()it^ 

•^d-ki  fha'ttjudr.  -    -     .•.-.•^.£    -'; 

:'-  'Ttditeg (brhe^f  ftfeigfri  -dlit  df iAe^ffieflftruihh/l 

^ftMtad'J*tofltkey-«i!bW«  *i  ^ffeBi-^WHgr;  but  ri* 

immediately.    I  then  took  them  aU-iiiw  iht^h^, 

tfid  nfc^dte' ikifle :haHs' Jibt  ^fi«(!WeJtl.WF4?tft<jr\nd 

«*»wi^i  ^liK  ^n^'  4gfi  fftbifexaf^ttete-'ia^k 

i»i  Vol.  III.  K  k  appeared. 
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'  appeared,  but  not  fb  many  as  before.  On  heating 
the  liquor,  whik  they  were  in  it,  they  all  difappea^- 
cd  ^  but  after  a  few  days  they  appeared  again>  and 
kept  increafing  very  much.  I  i;nade  them  difappear 
a  iecond  time  in  the  fame  manner,  and  with  the 
return  of  cold  they  appeared  again.     Haying  poured 

r  oE  this  liquor,  with  the  cryftals  in  it, .  I  heated  that 
liquor,  and  made  them  difappear,  but  they  re- 

.apjipred  in  the  fame  liquor  when  it  was  cold,  and 

,nO;  more  in  the  frefh  liquor  that  was  put  to  the 
nails.    After  this  the  nails  broke  up,  and  the  air 

'came  very  rapidly,  as  ^  in  the  former  procefs,  and> 
in  all,  thefe  nails  yielded  i-^j  ounce  meafures  of 


am 


*\   As  thefe  cryftals  ^ere  formed  a  little  mne  beibfc 

.the  pails  broke  up^  I  imagined  that,  whatever  the 

fuU{ance ; was,  it  was  that: which  had  held  them 

,  together,  prevendng  their  eafy  .folutidn,  and  that  ic 

-JffzB  attracted  fro^f  the  iron  in  the  dperation  of  an- 

.nealing. ,   I  ^o  thought;  t|iat  bf  repeating  this  pro- 

.cefs,  and  viratching  it  a  few  4^ys  before  the  breaking 

up  of  th%  nails,  I  could  not*  fail  to  find  the  fame 

appearance*    But  though  I  repeated  die  experi- 

;ment^  and  with  all  the  variations  that  I  could  think 

;X>f,  I  was^ever  gratified  with  a  iecood  fig^of  tliefe 

beaiitiful  ctyf^*: 

<    As  thpiexryflals  were  evidendy  of  a  faline  nature^ 

J  Qon^uded  they  wexje  ppl;  mvsaX  vicrioi^  tfaou^ 


c* 
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in  an  unufual  form.  To  afcertain  this,  I  diflTolvcd 
all  the  fraigments  I  could  coUeft  of  thcfe  cryftals 
in  water,  and  fet  it  to  evaporate.  But  inftcad  gf 
finding  any  green  vitriol,  there  was  only  a  black 
incruftation  left  on  the  evaporating  veffeL 
t  .There  has  been  fome  difference*  of  opinion  anlong 
•chemifts'  concerning  the  proportional  quantity  of 
air 'yielded*  by  iron  and  Ji^eL  Having  taken  fomc 
pains  to  afcertain  thefe  fa£ts,  at  the  fanfe  time  that 
I  .was  diflfolving  -  iron  and  fteel  for  other  purpofe5, 
I  fhall  here  mention  the  refult  of  my  obfervations 
refpefting  the  air  tjiat  is  yielded  by  all  the  kinds  of 
kon  that  have  fallen  under  my  notice.  I .  repeated 
the  experiments  feveral  times,  but  the  refults  often 
varicdj  without  my  being  fenfible  of  any  change  in 
the  eircumftances. 

What  quantity  of  air  dame  from  caji  iron  in  the 
experiments  mentioned  above,  1  have  noted  ip  the 
acconnt  of  them ;  but  as  I  frequendy  repeated  the 
experiment,  efpecially  with  a  view  to  find  the.  hair 
like  cryftals. that  I  have  mentioned,  I  ihall  here  put 
down  the  diffefpnt  quantities  of  air^  of  wi^ch  I  alio 
.took  an  account  in  ibme  of  them,  as  well  as  of  the 
refiduums  of  black  matter,  which  I  obferved  at  the 
fame  time«  At  one  time  a  quarter  of  an  ounce  of 
caft  iron  gave  ninety  ounce  meafures  of  air^  half  an 
.ounce  gave  i6j  ounce  meafures^  and  two  ounces 
Igajve.  1^^  ounce  meafures,  leaving  a  refiduum  of 

JCk  2  .    black 
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black  powder,  which  weighed  wncty  fcig^t  grabs  5 
and  four  ounces  of  the  iron  gave  a  refiduum  of  16  j 
grains.  Upon  the  whole,  therefore,  a  quarter  of 
an  ounce  of  this  iron  nuy  be  iaid  to  give  ninety 
ounce  meafunes  of  inflammable  air. 

Of  the  (mealed  caft  nailsy  a  quarter  of  an  ounce 
gave  at  one  time  10  x  ounce  meafures  of  air,  at  an- 
other time  1054,  at  another  106,  and  the  moft  of 
all  107.  Half  an  ounce  gave  212  ounce  meafures. 
Half  an  dunce  of  iron  turnings,  which  is  iron  lefe 
pcrfeftly-  anrtealed,  gave  ntfiidty  fix  ounce  meafures 
of  air.  ,  It  is  evident,  therefore,  that  the  annealed 
call:  ircMi^ves  confiderably  more  infkmmafale  air 
than  that  which  had  not  been  anneaftd;  and  this 
•is  €tfily  accounted  for,  from  the  much  greater 
quandtyof  refiduum  from  the  iron  that  has  not 
h^n  annealed,  which  refiduutn,  it  will  be  feen,  con^ 
tains  much'phlogifton. 

-  A  quarter  X)f  an  ounce  ofjteet  gave  ninety  ounce 
meafures  and  an  half  of  air,  t  ij^i  grains  gave  juqoty 
five  ounce  mea&res  aiid  a^half  ^  air,  andtfafe 
fame  wei|[ht  of  the  very  fame  iron  from  whkh  'ihftt 
"fteel  had  be^n  made  gave  nihety  &c*>toce  tttesififlres. 
Half  an  ounce  of  fteel  gave  107  ounce  mei^^es, 
and  the  black  refiduum,  though  greiter  than  a 
Tound  in  the  Iblution  of  iron,  or  cJlft  iron  annexed, 
was  too  frriall  to  be  weighed.  At  other  dm^^  Ii6ir- 
cver,it  has  been  miich  mdrt  cbiifidcrable,  thbugk  I 
"   '      '  have 
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have  no  note  of  the  exad  quantity  that  I  foi 
any  experiment.  It  Is  alfo  obfcrvabk,  that 
folution  of  this  half  ounce  <^  fteel,  in  whid 
was  fo little  nefiduum,  the  quantity  of  air  w: 
ufually  great.  And^  I  preiume,  that  the  difife 
in  the  quantities  of  air  from  given  weights,  b 
fleel^  and  different  kinds  of  iron,  will  always 
fome  reciprocal  proportion  to  the  quantity  \ 
refiduum,  which  I  have  never  found  any  ft 
of  iron  to  be  entirely  without ;  and  this  will  a< 
for  the  different  quantities  of  air  that  differer 
fons  have  reported  to  have  found  both  in  in 
in  fteeL  As  a  greater  quantity  of  inflamma 
was  procure  from  annealed  call  iron,  thar 
malleable  iron,  I  think  it  may  be  concluded 
fteel  (which  is  matleable  iron  annealed)  will  s 
give  more  air  than  iron,  provided  that,  in  th< 
tion,  it  fhould  yield  no  greater  a  quantity  of 
rdiiduum.  But  i(i  general  there  is  much  iti 
it  found  in  the  ibludon  of  flieel'than  in  d 
iron. 

This  black  powder  which  remains  from  t 
lution  of  iron  or  fteelj  and  efpecially  that  fro 
caft  irpn  not  annealed,  which  is  in  fUcli  great 
tity,  well  deferves^  to  be  thoroughly  exar 
Hating  made  a  few  mifceflaneous  experimen 
on  it,  I  fhall'here  give  the  refult^  of  them.  P 
eighteen  grains  of  it  into  fpirit  of  fait,  there  re 
•       i  Kk  3 
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cd  eight  grains  undiffolved.  This  was  of  a  gt!py 
colour^  but  being  fprinkled  upon  hot  iron,  it  did 
npt  appear,  by  thi?  teft,  to  contain  znyjulpbur. 

I  expqfed  a  quantity  of  it  to  the  heat  of  the  burn- 
it^  lens  in  vacuo,  ^d  found  t{ie  air.  that  was  ex- 
pelled fro(Ti  it  to.be  one  ninth  fixed  air,  and  the  reft 
inflanmiable,  of  die  explofive  kind.  Ten  grains 
of  the .  powder  gave  nine  ounce  meafures  of  air ; 
but  a  good  deal  of  this  light  powdery  fubftance  was 
unavoidably  loft  in  conveying  it  through  the  water 
after  the  procefs. 

This  matter  alio  appears  to  contain  fomething  of 
irpn,  though  it  is  no  longer  foluble  in  oil  of  vitrioL 
For  being  expolH  to  the  heat  of  the  lens  in  open 
ajr,  it  was  melted,  and  weighed  juft  the  fame  before 
apd  after  £ufion,  which  had  alio  been  the  cafe  with 
that  caft  iron  which  had  been  imperfedly  difiblved 
ill  oil  of  y itrio).  ^d  retained  its  form. 
^  Frojn  the  air  which  this  black  pqwder  gave,  it 
may  be  concluded^  that  it  contains  mu$:h  plumbago  i 
but  that  which  remains  after  the  foludon  of  mal« 
leable  iron,  or  ileel,  is  more  nearly,  or  perhaps  per- 
f<;4Uy  fOf  Nineteen  ^fins  of  this  (though  it  is 
pofTible  that  &me^  of;  the  other  might  have  been 
accidentally  mixed,  with  it)  was  reduced  to  fix  grains^ 
hy  being  melted  with  the  heat  of  die  lens  in  the 
open  aip,  and  dien  became  a  glafs,  or  Hag  >  whicl| 
lYas  nearly  the  fame  refiilt  that  I  h^  from  genuine . 

plumbago. 
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plumbago,  the  greateft  part  of  which  is  n 
into  fixed  and  inflammable  ain 

The  procefs  of  cementation  is  not,  I  am  perf 
fufEciently  underftood.     It  is  the  opinion  o\ 
who  make  fteel,  that  the  metal  neither  gai 
lofes  weight  in  the  procefs,     Thofe  who  annc 
iron  tell  me,  that  it  lofes  confiderably  in  tha 
cefs,  which  is  fimilar  to  that  of  making  fteel,  t 
the  iron  is  taken  in  very,  different  ftates.     C 
contrary,  I  found  both  malleable  iron  and  ca 
to  gain  a  litde  weight  by  cementation  in  m; 
Seventy  two  grains  of  iron  wire  gained  three  ; 
and  became  of  a  dark  black  colour,  and 
ounces  of  caft  iron  nails  gained  fix  grains, 
perhaps  the  heat  th^t  I  ufed  was  too  great  f 
purpofe.     For  in  confequcnce  of  this  iron  v 
traft  water,  and  become  in  p2Lrt/caUs  cf  irony 
is  always  attended  with  an  incrcafe  of  w 
whereas  in  the  fame  procefs  with  a  long  con 
and  moderate  heat,  it  is  very  poflible  that  fc 
the  elements  of  that  black  matter,  or  plun 
may  go  out  of  the  iron,  and  join  the  charcoal, 
ing  perhaps  a  fulphur,  which  may  be  fubUme 
diiperfed  in  the  proce&. 

I  have  obferved  that  I  once  expelled  fronr 
annealed  caft  iron  nails  fuch  inflammable  air  a 
ftituted  fixed  air,  when  it  was  decompoled 
dephlogifticated  air,  which  fhews  that  it  ha^ 

Kk4 
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bibed  fpmc  of  tha^  kind  of  inflaiQinable  air  whid\ 
is  peculiar  to  charcoal.  But  when  I  diflblycd  that 
kind  of  iron  in  vitriolic  acid^  the  air  was  the  veryr 
iaxne  with  that  which  came  from  malleable  iroo^ 
no  fixed  air  beiqg  produced  in  the  decompofitioix 

of  It. 
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SECTION     III. 

Experiments  on  Fmery  Cinder. 

TH,E  mpft  ufcful  of  my  ot>ieryations  on  th(: 
fubj$^  of  iron  relate  to  die  nature  of  the 
finery  cisnder^  the  fubft^ce  which,  I  have  bbfcrved, 
runs  in  a  liquid  forip  from  ca((  ^ron  in  the  procei& 
pf  converting  if  intq  malleable  iron.  This^  has 
genexially  been  coefickired  a  thing  of  do  value ;  and 
is  commonly  thrown  away  as  fuchj  though  my 
brother-in-law,  Mr.  Wilkinfon,  has,  with  advantage, 
made  u&  of  a  certain  prc^ortion  of  it  in  the  fmdt- 
ing  of  iron.  I  flatter  myjfelf,  however,  that  by  a 
due. attention  to  fome  obfervatiops  which  I  ihatt 
here  relate^  thia  fubftance  poay  he/eaftibr  be  enpployed 

to 
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yratcr,  though  with  the  lofs  of  its  own  phlog 
Nothing,  therefore,  is  wanting  to  bring  it  t< 
ftatc  of  iron  again,  but  -the  cxpuUion  of  the  v 
with  which  it  is  faturated,  and  giving  it  the  ] 
gifton  which  it  has  loft :  and  this  is  readily  dor 
heating  it  in  dole  veffeis,  in  coritadt  with  any  \ 
(hat  contains  phlogifton.  This  is  effected  ir 
nnoft  complete  manner,  by  heating  it  with  a  I 
ing  lens  in  inflammable  air.  But  it  is  likewife 
cementation  with  charcoal,  with  coak  from 
coal,  or  with  raw  coal.  In  all  thefe  proceflcs 
finery  cinder  lofes  about  one  third  of  its  wc 
and  is  then  perfectly  foluble  in  acids,  and  attr 
by  the  magnet.  Confequendy,  it  \%/perfe£t 
But  whether  it  can  be  made  ufeful  iron,  and 
nianner  io  cheap  as  to  make  it  w'orth  the  whi 
the  manufacturer  of  iron,  to  eftablifh  any  wor 
the  purpbfe,  is  not  for  me  to  fay.  I  would 
obferve,  that  iron  thus  made  from  finery  cin^ 
n)y  retorts,  is  not  in  the  ftate  of  fimple  cafi 
b<jt  of  that  which  is  annealed,  and  likewife  par 
fijalkable. 


B( 
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BOOK      XI. 

MISCELLANEOUS   EXPERIMENTS    AMD 

OBSERVATIONS. 


SECTION     L 

Of  t^i  Ek£iric  Spark  in  different  Liquids. 

ONE  of  my  firft  raperiments  on  the  fubjeA  of 
air  was  diat  by  which  I  procured  inflamma^ 
ble  air^  by  taking  the€le6tric  fpark  in  difi&rent  kinds 
of  oik  In  HA'^  acids  no  (park  can  be  caken^.  on  ac- 
count of  their^  being  fbdi  excellent  conductors,  of 
eleCbricity.  However^  a  fmall  bubble  of  air  may  be 
left  confined  by  any  acid,  and  in  this  a  fpark  may- 
be taken,  v/hich  will  aflfed  the  contiguous  fluid. 
TWs  I  have  done,  and  fome  of  the  refults  are  fuf- 
ficiently  remarkable ;  but  fimilar  to  the  efFefts  of 
tranfmitting  the  liquors  in  vapour,  through  a.  red 
hot  earthen  tube,  in  which  cafe  the  nitrous  and  vi- 
trlQUc  acids  yield  dephlogiflicated  air. 

la 
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In  order  to  take  the  dedhic  fydixk  in  i^ous  acU^ 
I  admicced  a  fmail  bubble  cf  common  air  into  a  glafi 
fyphon>  previoufly  filled  with  that  ecidi  ^cing 
each  leg  of  the  fyphon  in  a  difierent  veflel^  con-- 
taining  fome  of  the  fame  add»  and  I  tranfmitted 
the  fpark,  or  fhock,  through  a  gold  wire,  on  which 
the  acid  has  no  adion.  In  thfefe  circumfUnces  every 
fpark  made  a  confiderabk  addition  to  the  quandcy.  of 
air,  aiid  it  appeared  to  be  the  pureft;  dephio^icated 
air.  ... 

Withthet/i/r/^/iV:tfr/iI.faad  a  fim|lar  refult)  but 
much  more  time  was  rei|uiFed  p)  produce  the  qlfed. 
After  takihg  the  ipark  two  hours  in  a  bobble,  of  ^ir 
cjonfined  by.this  acid^  in  a  fyphon,  the  gre;^te^  part 
of  which  was  filled  with  mercury,  and  the  legs  of  it 
ftanding  in  bafdn^'  of  mercury,  the  bubble  was  not 
more  than  double^  in  quantity;  but  the  addixion 
that  was  rnade  to  it  appear^, to  be  dephlogifticated 
air,  the  n;wdard  of  it  being,  with  equal  quantities 
of  nitrous  air>  j:o.  It  may  be  w;orth  noticing,  that 
though,  the  oUjof  virriolj :  ufed  in  this  cicperimeni^ 
was  ofd  lightflt^ri^e  colour  (which  might;  be  the 
xealbn  why  the  ^ir  procured  from  ic  wasnot  ;boti;i 
more  in  quantity,  and  better  in  quality)  the  paif 
next  to  the  vaij;  l^C^me  perfe£^y  colourle&  fpi;  the 
^ce  <^  about  a  quarter  of  an  inch.    .        , 

iWhen  I  i«pipated  thi^  q^riment  with  common 
j^rit  tffiiky  the  bubble  of  aix  was;  dinuAiihqd  one 

fourth  I 
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lourch ;  and  though  the  operation  was  continued  a 
long  time,  ic  never  increafed  afterwards,  and  wai 
linr^y  phlogifticated  ain  When  I  ufed  dephlo- 
gifticated  mafine  acid,  the  bubble  of  air  was  dimi^ 
niiked  near  one-  half^  but  what  iemained  was  ftiU 
phlogifticated  air. 

Widi  pbo^hmc  add,  the  air  was  firft  diminilhed 
one  <}uarter,  and  then  increafed.  This  air  I  could 
perceive  not  to  be  afie£ted  by  nitrous  air ;  and  by  the 
rednefs  of  the  eleftric  fpark  in  it,  I  have  no  doubt  of 
its  being  inflammable  air.  •  But  the  quantity  was  too 
•ihiall  to  afcertain  it  in  any  other  manner.  This  acid  is 
always  faid  to  contain  phlogiflon,  and  by  this 
means  it  feems  to  be  converted  into  inflammable 

air. 

I  had  a  fimilar  refult  when  I  took  the  eledric  fpark 
in  air  confined  by  pbhgifticated  alkali.  It  was  fuft 
^iminifhed  one  fourth,  and  then  increafed  to  its  ori->- 
ginal  bulk ;  but  the  increafe  was  very  flow.  When 
I  examined  the  air,  I  could  only  obierve  that  it  was 
not  af}e£ted  by  nitrous  air.  The  addition  muft,  I 
think,  have  been  inflammable  air,  though  the  quan^ 
tlty  was  fo  fmaD,  diat  the  fpark  had  no  fenfible  red* 
nefl  init.* 

I*  fhall  conclude  the  accouht  of  fhefe  experiments 
with  mentioning -one  of  fmall  confeqiience^  rchtii^ 
to  the  cohdufting  power  of  fubfbncek. '  -  Having 
boiled  fome  linfeed  oi(,  I- put  into  it  a<  quantity  of 
•      '—  4  pounded 
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SECTION     11. 

Of  the  conducing  Power  of  certain  Suhjiances* 

THAT  tonduHing  power y  Ivith  tdpt&  to  dec- 
cricity,  de^fids  upon  the  vaiiable  Aate  t>f 
(fubftariccsy  isevident<ix)m,a  variety  of  experiments* 
.Tteis  gla&,  which  whdi  -cold  is  a  pericft  noncon^ 
duftor,  is  a  complete  conductor  in  a  great  degree 
of  heat.  So  alfo,  by  a  contrary  procefi,  ice,  which 
when  formed  in  a  moderate  degree  of  cold  is  a  con- 
duftor,  very  much  like  water,  becomes,  as  Mr* 
Achard  has  difcovered,  a  npn-conduftor  in  a  greater 
dc^e  of  cold.  And  I  had  found  that  though  dry 
woody  and  even  char  coaly  made  with  the  leail  poflible 
degree  of  heat,  is  a  non-conduftor,  yet  when  it  has 
been  expofed  to  more  beat,  it  is  the  mod  perfeft  of 
ail  conduAors,  not  exceeded  even  by  the  moft  per- 
fcft  metals  themfelves.  I  have  now  obftrved  what^ 
indeed,  was  not  perhaps  very  difficult  to  be  con-  • 
jefturcd,  that  water ,  and  even  quicli/ilver,  in  the 
^te  of  vapour,  are  no  conductors  of  electricity. 

Water  had  been  often  tried  in  that  kind  of  va- 
pour which  is  juft  condenfing,  in  the  open  air  5  but 

]  then 
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then  it  is,  in  faft,  no  other  than  water  in  very  fmall 
drops ;  whereas,  to  try  it  in  the  proper  form  of 
fteamy  it  muft  be  examined  in  a  degree  of  heat,  in 
which  it  is  incapable  of   condenfing  into  water. 
This  I  did  in  the  following  manner  : 

I  filled  a  ^afs  fyphon  with  water,  having  previ- 
oufly  put  iroii  wires  into  each  of  its  legs,  as  is  repre- 
fented  P1.V.  fig.  5.  and  then  inverting  h,  placing  each 
leg  in  a  feparate  bafon  of  water,  or  quickfilver. 
After  this  I  expded  the  upper  part  of  the  fyphon  to 
a  degree  of  heat  capable  of  converting  water  into 
fleam.  Then,  bringing  a  charged  phial,  and  making 
the  fyphon  part  of  the  circuit,  made  the  expbfion 
pafs  from  one  wire  to  the  other,  in  the  bend  of  the 
fyphon.  In  this  cafe  the  fpark  never  failed  to  be  as 
Viifible,  as  it  would  have  been  in  the  air.  The  on* 
ly  difference  was,  that  in  this  cafe  the  fpark  was 
reddifh,  as  it  is  when  taken  in  inflammable  air. 
I  could  perceive  no  difierence  whether  the  heat 
was  greater  (x  lefs,  even  in  the  very  point  of  con- 
denfing into  wacer.  It  is  poffible,  however,  that 
there  might  be  fome  real  difference,  though  not 
difcernible  in  this  method  of  examining  it. 

In  the  very  fame  manner,  I  made  die  experi- 
m vt  in  the  vapour  of  quickfilver ^  having  filled  the 
fyphon  with  qukkfilver,  and  placing  the  legs  of  it 
^n  bafons  of  the  fame.    In  this  cafe,  alfo,  jhe  elcftric 
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explofion  was  red ;  but  at  one  time  it  was  quite 
vivid.  I  repeated  the  experiments  many  times, 
both  with  water  and  with  quickfilver. 

prom  thefe  experiments,  compared  with  fimilar 
ones  that  I  have  made  in  all  the  difFcrent  kinds  of 
air,  I  think  it  may  be  concluded  univerfally,  that 
all  fubftances,  in  this  expanded  ftate  of  air,  or  va- 
pour, are  non-condu£lors  of  eleftricity. 

There  is  fomething  exceedingly  difficult  to  ac- 
count for  in  the  circumftances  in  which  glals  jars 
fometimes  break  fpontaneoufly  with  eleftrical  ex- 
plofions.  In  general  the  thinner  the  glals  is,  the 
more  liable  it  is  to  a  fradhire  in  this  cafe,  I  ob- 
fcrved,  however,  in  my  biftory  of  eleihidfy,  a  cafe 
in  which  a  very  thick  glafs  jar  broke,  in  a  very  re- 
markable manner,  by  a  fpontaneous  difcharge ;  and 
I  have  lately  obferved  another  hardly  Icfs  remark- 
able* 

I  Hlled  a  glafs  tube,  about  three  feet  long  ^d  on^ 
inch  and  a  quarter  wide,  the  glafs  itfelf  bring  not 
lefs  than  one  eighth  of  an  inch  thick,  half  full  of 
quickfilver ;  and  putting  a  loofe  coating  of  dnfbil 
on  the  outfide,  and  beginning  to  charge  it,  by 
means  of  an  iron  wire  connefted  with  the  prime 
conductor,  it  prefcndy  broke  by  a  fpontaneous  dif^ 
charge,  exa6Uy  at  the  bottom.  A  large  piece  of 
tlie  glafs  came  out,  and  the  quickfilver  flowed  out 

5  ^ 
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at  the  hole.  Examining  it  niot-e  particu! 
appeared  that  there  were  a  great  nunr 
fmall  independent  fraftures,  but  all  very  i 
gether ;  and  through  one  of  them  only  the 
had  made  lis  way^  pulverizing  the  gl 
ufual. 

I  then  charged  a  long  tube  of  boUle  glaf^ 
fame  manner ;  but  this  alfo  burft  as  foon,  2 
exafUy  at  the  bottom,  though  not  in  fc 
places.  I  meant  to  have  charged  thefe  tub 
io  have  fealed  them  hehnetically,  after  I  ha 
61  out  the  quickfilver,  in  order  to  obfer 
long  ib  thick  a  glafs  would  ret^n  the  ch^ 
purfuance  of  Mr.  Canton's  firft  obfervation 
kind. 
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S  E  C  T  I  O  N     III. 

Obfervations  en  Sub/iances  expofed  ta  a  hng  tmtimed 

Heat. 

MY  experiments  on  expofing  {ubftances  to  a 
long  continued  heat  were  begun,  principally 
with  a  view  to  afcertain  the  convcrfion  of  water 
into  earth,  of  which  we  have  many  credible  ac- 
counts, and  of  which  that  excellent  chemift,  Mr. 
Woulfe,  entertains  no  doubt. 

For  this  purpofc  I  provided  glals  tubes,  about  ^n 
inch  in  diametery  and  three  feet  long,  and  alfo  others 
made  like  what  the  workmen  call  proofs,  growing 
narrower  to  the  top,  fome  two  inches  wide  at  the 
bottom,  and  others  lefs  than  an  inch.  Indeed,  F 
ufed  glafs  tubes  of  a  great  vtriety  of  forms  and 
fizes,  and  when  I  had  put  in  the  water,  or  other  fluid, 
I  clofcd  them  hermetically,  and  placed  diem  in  a 
fand  fuinace  pretty  equally  heated.  But,  in  gcncraF, 
before  I  placed  them  there,  I  expofed  the  end  con- 
taining the  fluid  near  a  common  fire,  for  a  few 
hours  I  both  to  obiervc  whether  there  would  be  any 

immediate 
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immediate  change,  and  alio  to  try  what  de 
heat  the  tube,  thus  charged,  would  bear. 

The  relult  of  many  of  the  experiments  nr 
this  manner  have  been  recited,  and  were  iliiff 
remarkabk,  and  others,  that  do  not  defervc 
pdled  over,  will  be  noted  in  the  courfe  of  tl 
tion.  But  with  reipeft  to  water ^  which  was  r 
and  principal  obje£t,  all  my  experiments  i 
failed. 

In  order  to  avoid  expence,  I  ufed  a  greai 
gree  of  heat  than  had  been  ufed  before  i 
purpofe ;  hoping,  by  this  means,  to  gain  my 
lefs  time.  Whereas  I  believe  Mr.  Woulfe' 
nion  is  quite  right,  viz.  that  the  heat  fhould  b 
m<xierate,  and  long  continued.  Mine  was 
fiderably  above  a  boiling  heat  in  the  open  air, 
rally  fuch  as  to  keep  the  water  boiling  in  thi< 
fined  ftate,  my  veffels  being  ftrong  in  prop< 
I  went  upon  the  idea,  that  the  change  of  conf] 
in  water  was  brought  about  by  extending  the  b 
of  die  repulfion  of  its  particles,  and  at  the 
time  preventing  their  aftually  receding  from 
other,  till  the  fpheres  of  attraftion  within  the 
repulfion  fhould  reach  them.  The  hypothefi 
ftill  be  not  much  amifs,  though  I  did  not  pre 
a6t  upon  it. 

Be  this  as  it  will,  a  trial  of  fix  months  had  i 
fedt  of  die  kind  that  I  hoped  for. 

LI  3 
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The  particular  appearances  that  I  obferved  woxdd 
be  too  tedious  to  relate,  and  were  not  of  much  im^ 
portance.  I  fliall,  therefore,  only  obferve  in  general, 
that  I  was  deceived  at  the  be^nning  of  the  procefi, 
by  finding  that  the  whole,  mafs  of  water,  which  was 
generally  an  ounce,  would  become  exa6tly  like  milk^ 
and  (bmetimes  the  whole  tube  would  have  got  a 
complete  white  coating  in  the  courfe  of  a  day  or 
'  two.  This  I  then  hoped  was,  in  part,  a  change  in 
the  water  itfelfi  though  I  had  no  doubt  but  that,  in 
part.  It  might  be  owing  to  the  corrofion  of  the  glafi 
by  the  heated  vapour.  In  the  end  it  appeared  to 
have  been  nothing  at  all  elie. 

When  the  heat  was  a  litde  more  moderate,  the 
firft  appearance  was  a  white  pellicle  on  the  furface 
of  the  water,  and  fometimcs  in -the  middle  of  the 
Water  only,  not  extending  to  the  fides ;  which  de- 
ceived me  the  more  into  an  opinion  that  this  earthy 
pellicle  might  come  from  the  water  itfelf.  In  dmc 
there  was  fuch  an  accumulation  of  this  matter,  that 
it  clouded  the  whole  mafe  of  the  water,  and  funk  to 
the  bottom,  in  the  form  of  white  flakes,  or  a  powdery" 
fubftance.  When  the  tubes  were  opened,  all  the 
fides  were  found  corroded,  the  polifh  being  entirely 
taken  off  where  the  heat  had  been  greatcft,  eipcci- 
ally  near  the  furface  of  the  water. 

The  force  of  the  vapour  of  water  in  thus  cor- 
roding glafe  is,  however,  not  a  litde  remarkable. 

In 
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in  time  it  jvould  have  worked  its  way  through  any 
thicknefs  of  it.  And,  indeed,  I  (hould  obferve, 
that  the  fanne  is  the  cafe  with  iron.  For  before  I 
began  theie  experiments,  I  had  made  a  few  random 
triab  of  what  might  be  done  with  water  in  a  Jhort 
time  by  a  very  great  degree  of  heat,  in  a  confined 
ftate,  by  putting  the  water  into  gun-barrels,  then 
getting  them  clofed  by  welding,  and  after  that  put- 
ting one  end  of  them  into  a  hot  fire.  Sometimes 
the  water  would  continue  thus  a  whole  day  or  more ; 
but  at  length,  though  the  gun- barrels  were  the 
thickcft  that  I  could  meet  with,  and  one  of  them 
was  the  breech  of  a  mufket-barrel,  and  I  believe 
pcrfe&ly  found,  it  wore  its  way  through.  None  of 
the  barrels  were  properly  burjiy  but  all  of  them  were 
much  corroded,  and  made  exceedingly  thin  in 
particular  places;  and  when  they  were  opened  a 
great  quantity  of  ruft  was  found  in  the  infides  of 
them*. 

Bcfides  trying  the  effeft  of  this  procefs  on  pure 
dlflilled  water,  I  made  trial  of  water  impregnated 
with  all  the  different  kinds  of  air  with  which  I  am 
acquainted;  and  in  other  tubes  the  air  confined 
along  with  the  water  was  of  all  the  different  kinds ; 
but  the  appearances  in  them  all  were  nearly  the 

*  I  fincc  recoIl«dt  that  I  formerly  had  a  copper  zolipyle>  not 
leis  than  the  thicknefs  of  a  half  crown,  which,  after  being  ufed  ^ 
good  deal,  buril,  and  was  found  to  be  as  thin  as  paper. 

LI  4  fame. 
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fame,  excepting  fuch  as  have  been,  or  will  be  par-* 
ticularly  defcribed.  The  common  air,  in  all  thcfc 
tubes,  in  which  the  water  had  been  kept  fo  hot, 
did  not  appear  to  have  been  changed  either  for  the 
better  or  the  worfe.  Sometimes  when  I  foftened  a 
part  of  a  tube  with  a  blow  pipe,  the  inclofed  ur 
would  prefs  the  glafs  a  litde  outwards,  and  fome-* 
times  the  external  air  would  prefs  it  a  little  inwards, 
but  it  was  with  no  great  force  j  and  whenever  I 
opened  the  tubes  'under  water,  and  ex^unined  the 
air,  it  did  not  appear  to  have  been  altered  in  its 
quality,  with  refpeft  to  its  diminution  by  nitrous 
air. 

It  is  known,  that,  in  general,  a  menftruum  wilj 
hold  more  of  a  Jolvend  when  it  is  hot,  than  when  it 
is  cold ;  but  thefe  experiments  in  a  continued  heat 
afford  feveral  remarkable  examples  of  the  contrary* 
The  firft  thing  I  obferved  of  this  kind  was  with 
refpeft  to  lime  water.  For  having  confined  a  quan«. 
tity  of  it  in  one  of  my  largeft  tubes,  I  found  that, 
in  fix  days,  and  how  much  lefs  time  might  have 
fufficed  I  cannot  teD,*all  the  lime  was  depofited» 
At  Icaft  there  feemed  to  be  enough  at  the  bottom  of 
the  water  from  which  it  was  feparated,  to  have  fatu- 
rated  the  whole  of  it. 

Alfo  iron  diflblved  in  water  impregnated  with  fix- 
ed air  was  feemingly  all  precipitated,  in  confcquence 
of  being  expofed  in  the  lame  manner  to  the  heat  i 

and 
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tnd  when  it  was  cold,  it  was  not  re-diflblvcd.  For 
thou^  this  menftruum  will  diilbive  iron>  it  will  not 
diilbl ve  the  calx  of  iron. 

I  had  been  informed  by  Mr.  Bewly,  that  lime 
water  would  difcharge  the  colour  of  Prufiian  blue. 
A  quantity  of  lime  water,  thus  impregnated  with 
the  colouring  matter  in  Prufllan  blue,  I  put  into 
one  of  my  glais  tubes  on  the  nth  of  Auguft,  and 
on  the  23d,  &om  being  quite  colourless,  it  was  be- 
come of  a  greeniih  colour,  with  many  opake  par* 
tides  in  it.  On  the  pdi  of  September  following  it 
was  quite  tranfparent,  with  a  lai^  white  iidiment^ 
in  which  it  refembled  the  tubes  that  had  only  wa- 
ter in  them.  This  fediment,  dierefore,  might  per- 
haps  come  from  the  corrofion  of  the  glais.  On 
the  30th  of  September  the  liquor  was  quite  cloudy^ 
had  a  coniiderable  precipitate,  and  a  thick  whidih 
incruilation  covered  all  the  furface  of  it.  Laftly, 
on  the  19th  of  January,  1778,  it  had  fomething  of  a 
milky  appearance,  but  was  nearly  tranfparent,  and 
had  depofited  a  quantity  of  flaky  matter. 

Having  the  folution  of  mercury,  and  alfo  of  cop^ 
per  in  fpirit  of  nitre  at  hand,  proper  tubes  to  ipare^ 
and  room  enough  for  them  in  my  hot  fand^  I  placed 
about  an  ounce  meafure  of  each  of  them  in  the 
furnace  on  the  9th  of  September,  and  on  the  30th 
of  the  fame  month  I  found  the  folution  of  mer- 
cury quite  colourkfs  as  at  firft  i  but  I  fuppofe  the 

I  greateft 
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greateft  part  of  die  mercury  was  precipitated  in  one 
beautiful' compaft  yellow  mals.  The  precipitate 
of  the  copper  was  alfb  coIle£bed  into  one  mais,  quite 
blue,  as  the  liquor  idelf  continued  to  be;  ib  that 
the  whok  of  the  copper  had  not  been  precipi- 
tated. 

When  I  took  theie  tubes  from  the  fand  heat  for 
a  few  days,  the  greateft  part  of  the  precipitated  mafs 
was  re-diflplved ;  but  when  they  were  replaced  in 
the  fand  heat  they  appeared  again  as  at  firft;  and 
fbthey  were  found  on  the  19th  of  January,  1778, 
when  an  end  was  put  to  the  procels. 

On  the  fubjeffc  of  the  nitrous  acid  I  fhall  obierve, 
that  water  faturated  with  nitre,  which  had  been 
placed  in  the  fand  furnace  on  the  3d  of  September, 
in  a  long  and  (lender  glafs  tube  was  tran^arent  on 
the  30th  of  the  fame  month ;  but  the  tube  itfcl^ 
from  the  furface  of  the  liquor  to  half  an  inch  below 
it,  and  likewife  in  different  places  quite  to  the  top 
of  the  tube,  was  covered  with  a  white  incruftadon, 
a  little  inclined  to  blue. 

Cauftic  alkali  impregnated  with  nitrous  vapour 
had  cracked  the  tube  in  which  it  had  been  confined^ 
and  efcaped ;  but  the  tube  was  found  covered  with 
a  white  incruftiition,  from  two  inches  above  the  fur- 
face  of  the  liquor  quite  to  the  bottom  of  the  tube. 
The  crack  itfelf  Was  very  remarkable,  confifUng, 
in  reality,  of  many  different  cracks,  and  thofc  dif- 

pofed 
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pofed  very  irregularly,  quite  round  die  glafe,  near 
the  furface  of  the  liquor.  I  have  fometimes  feea 
glafs  cracked  in  the  fame  manner  by  ele£trical  ex-« 
plofions. 

The  moil  remarkable  thing  that  I  have  obfcrved, 
with  relped  to  metallic  ibludons,  relates  to  a  folu« 
tion  of  gold  in  aqua  regia,  made  by  the  impregna* 
tion  of  the  marine  acid  with  nitrous  vapour,  which 
I  have  obferved  to  be  a  more  powerful  menftruum 
for  gold  than  the  common  aqua  regla.  A  fmall 
quantity  of  this  fbludon  I  had  put  into  a  very  thidk: 
^lals  tube  about  nine  inches  long,  and  I  placed  it  in 
the  fand  furnace  on  the  nth  of  Auguft,  and  on 
the  23d  of  the  lame  month,  I  found  much  of  the 
gold  precipitated,  and  adhering  to  the  fides  of  the 
glafs  in  the  form  of  flender  cryftals,  very  beautiful. 
On  the  30th  of  September,  I  obferved  no  difference 
in  the  cryflals,  but  found  fome  gold  precipitated 
in  irregular  mafles,  of  a  darkifh  colour,  quite  dif^ 
tinft  from  the  cryilals;  and  thus  it  remained  till 
the  1 9th  of  January  following,  when  I  difcontinued 
the  procefs.  Both  the  cryftals  and  the  gold  (till 
continue  not  re-difiblved. 

I  fhall  now  juft  mention  my  obfervarions  on  fbme 
other  fubftances  expofed  to  the  fame  heat,  though 
they  have  nothing  in  them  that  will  be  thought  of 
any  confcqucncej  except  that  it  may  be  proper  to 

be 
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be  known  that  the  experiments  have  been  made, 
and  that  no  remarkable  appearance  foUowed. 

Sprit  of  wine  in  iarge  tubes  underwent  no  altera** 
tion,  nor .  did  it  aflfedt  the  glafs  in  the  leaft ;  but 
another  quantity  confined  in  a  (hort  tube^  and  ex- 
pofed  to  much  more  heat>  appeared  on  the  30th  of 
September  (having  been  placed  in  the  furnace  on 
the  I  ith  of  the  fame  month)  to  have  giren  to  the 
infide  of  the  tube,  and  efpecially  to  the  middle 
part  of  It)  a  diin  bhnfli  coating,  alittle  inclining  tx> 
white  Thus  it  continued  to  the  hft,  except  that 
die  coating  became  more  white^  and  had  very  near^^ 
ly,  if  not  wholly,  bft  its  bluifh  caft. 

Ether  had  aUb  been  confined  in  a  (hort  and  ftrong 
tube  on  the  I  ith  of  Auguft,  and  it  continued  co- 
burlefs;  but  on  the  30th  of  September  feveral 
pacts  of  the  infide  of  the  tube  had  a  whitifh  incrufta-^ 
Gton^  the  g^ais  being  probably  afie£kcd  Thus  it 
continued  till  the  end  of  the  procefs,  in  January  foi* 
lowing,  except  that  I  then  obfcrved  the  whitifh  in- 
cruftation  about  an  inch  above  the  furface  of  the 
ether,,  at  both  ends  of  the  tube  ;  owing,  I  fuppofey 
to  my  having,  at  different  dnaes,  placed  both  the 
ends  downwards* 

With  ether  I  alio  made  another  experiment  fome* 
what  fimilar  to  the  above.  Having  filled  a  gla& 
tube  with  it,  I  poured  it  out  again,  and  immediately 
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• 

fiSaled  it  hermetically ;  then  holding  it  in  the  flame 
of  a  candle/  I  obierved  a  whitifh  cloud  fonned  in 
the  infide,  and  when  the  whole  tube  was  expofcd 
to  the  heat  of  the  fire^  and  was  ^nade  nearly  red  hot, 
part  of  it  became  whitifh ;  but  the  air  within  the 
tube  was  not  fenfibly  changed.  I  made  the  experi- 
ment in  imitation  of  that  with  the  inflammable  air> 
which  made  the  tube  become  black ;  thinking  that, 
if  the  phlogiftic  matter  had  produced  that  tSkSt  in 
this  cafe,  it  might  do  the  fame  in  another. 

Olive  oil  expofed  to  a  very  great  degree  of  heat, 
in  a  ihort  and  flrong  tube,  was  not  changed.  But 
in  a  large  tube  (owing,  I  imagine,  to  fome  bit  of 
ftraw,  or  ibme  other  fubftance  containing  phlogIfl:on, 
which,  unperceived  by  me,  miglit  be  in  the  tube) 
the  oil  became>  in  the  interval  between  the  nth 
and  the  a  3d  of  Auguft,  quite  black,  and  of  the. 
confluence  of  treacle^  with  a  fmell  fl:rongly  em- 
pyreumatic  and  oflfenfive.  I  put  part  of  this  mat- 
ter into  another  tube,  but  it  was  broke  by  ibme 
accident,  and  what  remained  of  the  matter  was  as 
hard  as  a  coal,  and  quite  Mack. 

Oil  rf  turpentine^  which  was  quite  colourlefs,  be-» 
came,  in  the  feme  time,  quite  yellow,  like  dark 
coloured  olive  oil.  It  had  aMb  fome  opake  par- 
ticles in  it.  The  glafe  being  foftencd,  it  was  preflfed 
inwards.  On  the  9th  of  September  the  colour  of 
rfie  general  mafs  was  the  fame,  but  there  were  feve- 

ral 
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ral  fmall  lumps  at  the  bottom,  exa6tly  like  rofin  td 
appearance.  They  did  ndt  adhere  to  the  glafs^ 
but  rolled  about  at  the  bottom^  beirig  heavier  thaa 
the  fluid  mafs.  In  a  Ihort  glafs  tube,  alfo,  oil  of 
turpehtine  was  a  litde  yellow. 

DiftiUed  vinegar  fufFered  no  change  by  being  ex- 
pofed  in  a  long  glafs  tube  to  a  common  fire  for 
about  an  hour.  But  common  vinegar,  in  the  fand 
furnace,  was  turned  almoft  black  in  the  courle  of 
three  weeks.  But  I  afcribe  this  eficdt  to  fopnc 
phlogiftic  matter  contained  m.  it.  After  the  pro- 
cefs,  the  tafte  of  it  was  evidendy  lefs  acid,  like 
vapid  vinegar,  and  the  air  within  the  tube  was  m- 
jured ;  one  meafiire  of  this .  and  one  of  nitrous  air 
occupying  the  fpace  of  1.4  meafures. 

After  this  I  pkic^d  diftilled  vinegar  m  the  fand 
furnace ;  and  this,  in  the ,  i^iterval  between  the  9th 
and  the  30th  of  September,  had  made  a  depofit 
of  fbme  black  matter,  and  the  tube  was  coated  with 
it  quite  round;  at  the  furface  of  the  liquor.  Alio, 
in  a  fhort  tube,  the  fame  vin^r  was  a  litde  opaque 
and  there  was  fome  black  mattet;  on  one  fide  of  the 
tube,  half  an  inch  above  the  furface.of  the  fluid. 
In  diis  flate  thefe  tubes  continued  to  the  lalt,  when 
they  had  depofited  a  brownifh  fediment. 

Having  expofed  a  fmall  quandty  of  water  im« 
pregnatod  v/ithfuoracid  air,  quite  tranfparent,  in 
a  glafs  tube  hermetically  feakd^  to  the  heat  of  a 

com- 
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common  fire,  I  obferved  that,  prcfendy  after  it  be- 
gan to  boil,  it  became  of  a  dull  blue  colour,  and  a 
whitifh  vapour  rofc  from  it,  as  high  as  the  middle 
of  the  tube.  Afterwards,  the  heat  increafing,  it 
became  tranfparent  again,  without  depofiting  any 
thing,  even  when  cold. 

Repeating  the  fame  procefs,  I  obferved  the  fame 
cloudinefs  come  on  after  boiling  about  an  hour,  but 
after  continuing  to  boil  two  or  three  hours,  it  dif- 
appeared  again.  This  cloudinefs  is  exadbly  like 
the  appearance  of  this  impregnated  water  when 
fome  of  the  fluor  cruft  is  mixed  with  it.  This  ex- 
periment, therefore,  proves  that  this  liquor,  in  its 
moft  tranfparent  ftate,  contains  a  quantity  of  fluor 
crufl  difTolved  in  it,  as  I  have  obferved  before,  in 
my  attempts  to  account  for  its  not  freezing,  when 
water  impregnated  with  vitriolic  acid  air  will  freeze. 

The  efFeft  of  a  continued  heat  on  the  volatile 
alkaline  liquor  was  much  the  fame  with  that  on  the 
acid  impregnations.  I  expofed,  in  a  glafs  tube, 
four  feet  long,  and  one  third  of  an  inch  i^de,  a 
quantity  filling  about  the  fpace  of  an  inch  of  cauflic 
fal-ammoniac  bought  at  the  apothecaries;  and  in 
lefs  than  half  an  hour  it  became  turbid;  when  over 
the  fire.  Letting  it  cool,  I  foftened  the  end  of  the 
tube,  and  obferved  that  the  glafs  was  prefled  in- 
wards.    I  then  made  it  boil  very  violently  about 

an 
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an  hour,  during  which  ic  grew  more  turbid  When 
it  was  cool,  I  obierved  that  the  turbidneis  was  oc- 
cafioned  by  ^very  finall  white  particles,  which  fub- 
fided,  and  kft  the  liquor  quite  dear  at  the  top. 
Softening  the  end  of  the  tube  again,  it  was  driven 
outwards  with  great  force,  and  blew  out  the  candle  \ 
fo  that,  upon  the  whole,  there  had  been  an  increafe 
of  elaftic  matter  within  the  tube,  notwithftanding  the 
predpitadon. 

After  this,  I  placed  in  the  fand  furnace  an  al- 
kaline liquor  of  my  own  preparing,  by  impregnating 
difUUed  water  with  alkaline  dr.  It  was  confined 
in  a  long  tube,  a  quarter  of  an  mch  in  diameter, 
on  the  3d  of  September,  and  on  the  9th  of  the 
liiTie  month  the  tube  was  quite  coated  with  a  white 
fubftance,  and  the  liquor  was  turbid*  On  the  30th 
of  the  fame  month  it  had  depofited  a  white  iedi- 
ment,  though  it  was  ftiU  very  turbid.  There  was 
alfo  a  fimilar  incruftadon  at  ^  the  furface  of  the  li- 
quor, and  extending  in  ftreaks  three  inches  above 
it.  At  the  fame  time,  that  which  had  been  boiight 
at  the  apothecary's,  and  which  had  been  placed  in 
the  fame  furnace  exhibited  the  fame  appearance. 
In  this  the  incruftadon  reached  fix  inches  above  the 
furface  of  the  liquor,  efpecially  on  the  fide  to  which 
it  had  been  incHned.  One  of  thefe  tubes  remaned 
in  the  hot  fand  till  the  19th  of  January  following, 

when 
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when  I  feund  it  broken s  five. or  fix  inches  of  the 
lower  part  of  it  being  covered  with  a  thick  white 

incru$^U:ion« 

AtlXK>fpherical  air  within  oine  of  the  g^  tidies; 
Jierm^^yfealedj  ia  which  a  quaftfii(y  of  wa«er 
iiad  been  expofed  feveral  months,:,  in. .4^! land  hea^ 
'was  not  at  all  injured  by  its  and  the  trial  Vas  tnadt 
more  than  a  year  after  ^  end  had  been  put  jto  the 
e3q>erinKnts  with  the  fand  heat  % 

A.  imall  quantity  of  the  blue  folution  of  copper 
in  fad-'funmooiac,  b^ii^  expofed  tp  the'  heat  (^  a 
codnmon  fire,  in  a  long  glafs  tube  bermmcaBy 
feakd,  pr^fendy  became. green,  and  a&fcnirards  yel- 

In  the  preceding  experiments  I  obferved  a  le^ 
markable  depofit  from  the  foludon  of  mercury y  and 
alio  that  oi  copper  in  fpirit  of  nitre.  But  they  both 
require  a  confiderable  time.  I  afterwards  found  that 
the  depofit  from  ircn^  and  from  copper  in  volatile 
alkali,  are  made  much  iboner. 

In  a  glals  vefiel  hermedcally  iealed,  a  good  deal 
of  iron  was  precipitated  in  the  form  of  red  earth 
from  a  weak  foludon  of  it  in  fpirit  of  fait,  placed 
in  a  fand  heat,  only  a  fingle  day.  It  was  alfo  pre- 
cipitated in  great  abundance  from  a  folution  of 
fpirit  of  mtre  in  the  fame  dme.  In  this  cafe  the 
veflel  was  not  quite  clofed,  fo  that  a  Utde  could 

Vol.  II L  Mm  evaj^tate. 


539  MifieftLAHEOVft  Sick  XL 

evaporate*  Thd  remaining  liquor  was  quite  co- 
lourkfs.     ' 

Copper  was  precipitated  in  the  form  of  a  dtej^ 
bfuie  icarth,  fr6m  a  fohition  of  it  in  volatile  alkali  at 
tkt  iaine  tidne  s  but  the  renuining  liquor  was  al* 
Moft  as  Uu^'as^  at  filft.  The  fdid  precipitate 
findled  fbong  of  the  vcdacUe  dkali>  as  well  as  die 
fohitlDn  itfd£ 

I  Iktve  likewiie  found  a  flnaikr  refult  with  relpeft 
to  a  folution  of  copper  in  vobtUe  alkalis  Iri  on^ 
day  a'fimiki^depofit  wa&i  ipade  from  this  foludoft 
«  in  the  fame  circumftances.  The  fubfbuice  depofited 
was  of  a-  dark  bltie  colour  ami  adhered  firmly  to 
the  glaiss  ^nd  when  the  veflel  was  firft  openec^ 
4here  was  a  pretty  ftrong  fmeU  c^  volatile  aUOili^ 
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SECTION     IV. 


.Cf  th^  Colour  givm  to  AUnium  hy  tieat^ 

AS  I  was  hegting  a  qv^tky  of  itiinium  in  ad 
-^tjL.  Jroa^bdle,  I  wajs  yety  much  ftruck  With  die 
refqpni)^aQc«  of  its  colour,  apd  of  thii  change  of  ita 
cokHiry  to  that  of  blood.  The  dolour  of  gioi 
miAiurt^  is»  ^.neailyiaa  pQflible>  that  of  fiori4>  or 
what :i  jeaUj.dephlo^fticated  blood»  It  is  the  colour 
they  bosh  acqxiuft  from  expofiire  to  the  ain  ^hen 
the  mmiqm  was  in  the  ladle  over  the  fire^  the-fur** 
bee  continued  of  tUs  colour^  but  all  the  lower 
partLof  9ie  mafs  was  of.  a  deep  red>  or  blac^>  the 
colour  of  dark  coloured^  or  phloglfticated  blood. 
hut^iiki  bbod  (only,  in:  this  cafei  the  pioaels  was 
much  quicker) jdie.mofnmt that  any  part  of  it  was 
turned  lipi  to  the  open  air,  it  rcfumed  its  florid 
light.,  colour i  and  wheii.  it  Was  cddi  it  could  not 
have  Jbeen  perceived  that  any  thing  had  been  done 
jto  it* 

Iimgining  that  ^b  dark  colour  might  be  tkt 
cobfequence  of  the  minhim  ceceiYUig  phtogUba 
from  the  iron^  I  expofed  a  quantity  ^  ^  ^  ^ 
-    -  ^ ..  Mm  a  ^'^^'^ 
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iame  degree  of  heat  in  a  glafs  tube,  but  found  the 
fame  change  of  colour.  In  this,  therefore^  it  re* 
lembles  the  change  of  colour  in  fpirit  of  nitr^ 
which  is  produced  by  heat  only,  without  the  help 
of  any  additional  phlogifton,  unlefs  any  may  be  fup- 
poied  to  pafs  through  the  glafs. 

The  tube  was  feveral  feet  long,  and  was  quite 
filled  with  the  minium ;  and  prefently  after  it  was 
expofcd  to  the  heat  of  the  fue,  the  colour  began 
to  change^  growing  darker  and  darker  continuaUy, 
till  it  wais'alfnoft  black,  ex^'6l:ly  as  it  had  done  in 
cfat  irpn  ladle.  But  when  it  was  cold,  it  re*aflUmed 
its  florid  light  colouf  .  Thsll  it  fhould  da  this  with- 
out the  accefs  of  the  external  air  rather  fulprized 
me ;  and  yet  that  no  air,  except  what  was  contam- 
ed  vk  the  imerftkes  of  die  mbiUim  icfeli^  had  acce& 
to  it,  was  evident  from  th&  lower  part  of  the  gk& 
being  ready  tafaurft  with  die  expanlion  of  &e  air^ 
when  it  was  in  a  tndting  heat, 
f  It  was  pbfenrable,  that  fcqm  the  Uadc  colour, 
the  "minium  pailedy  widxm:  any  fenfible  interval 
into  yellow,  in  which  ftate  it  concsuns  little  or  ao 
air  of  any  kind}  fo  that  thCi  florid  colour-is  an  in- 
dication of  its  contaming  pure  air,  whatever  be  the 
connexion  between  thele  circumftances.  It  muft 
be  obferved^  however,  that  minium  depiived  of  its 
red  cokHq:  by  fpiric  of  ialt  does  not  lofe  itspro• 
pertyofyiekiiogdephlpg^licatedair<        • 
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OBSERVATIONS    RELATING    TO    THEORY* 


SECTION        I. 

Of  the  conJHtuent  Principles  of  the  *  different  Kinds 

of  j6r. 

IT  is  always  our  endeavour^  after  making  experi- 
ments, to  generalize  the  conclufions  we  draw 
from  them,  and  by  this  means  to  form  a  ibeory,  or 
fyftem  of  principles,  to  which  all  die  faffs  may  be 
reduced,  and  by  means  of  which  we  may  be  able 
to  fbretel  the  refult  of  future  experiments.  With 
a  view  to  this  it  has  of  late  been  a  great  obje£t  with 
philofojAers  to  afcertain .  the  number  of  elements 
that  are  neceflary  to  conftitute  all  the  fubftances 
with  which  we  are  acquainted^  and  efpecially  the 
different  kinds  of  air,  to  which  our  attendon  has 
been  much  diredied,  in  confequence  of  their  fcem- 
ing  to  bring  us  alitde  nearer  to  the  ultimate  con* 

^     Mm  3  ftitucnt 


534  OBSERVATIOKS  Bock  XIL 

fticuent  parts  of  bodies ;  finding  that  by  their  tinion 
they  are  capable  of  forming  foUd  mafles. 

In  my  former  publications  I  have  frequently 
promifed, .  and  fometinies  attempfild^  to  ^ve  luq|i 
a  general  theory  of  the  experiments  in  Which  the 
di^rent  kinds  of  air  are  concerned  as  the  prcfent 
ilate  of  our  knowledge  of  them  enabled  me  to  do> 
and  I  cannot  well  decline  attempting  fbmething  of 
the  fame  kmd  in  this  new  edition  of  all  that  I  have 
publiihed  before ;  though  I  acknowledge  that  I  am 
very  far  from  bemg  able  to  fatisfy  myfelf  with  re- 
ipe^l  to  i^  and  therefore  cannot  expe£t  to  give 
much  iadsfa£tion  to  others.  When  I  publiihed 
the  firft  of  my  fix  volumes,  I  was  not  aware  of 
much  difficulty  on  this  fubjed):,  but  new  experi- 
ments foon  unhmged  whattv«r  I  had  thought  the 
befl;  eftabliflied;  and  thb  has  been  io  often  the  cafe^ 
that  my  diffidence  bcreafes  m  full  proportion  to  the 
increafe  of  our  knot^ledg^, 

Fludtuating,  however^  a&  the.  pre&nt  ftate  of  thi3 
branch  of  knowledge  is><  I  fhaU  not  decline  to  give 
my  prefent  views  of.  it ;  inor  ihall  I  find  any  nv)re 
'  difficulty  in  retracing  any,  opinion  I  ihall  now  ad- 
vance,  than  I  have  hitherto  done  in  retracing  what 
I  have  advanced  before.  The  iketch  that  I  fhall 
now  give  may  at  leaft  ferve,  like  former  theories,  to 
amufe  us  when  we  look  back  upon  it,  after  having 
jgaincd  a  qnote  per  fed  knowledge  of  the  ful^eft. 

Accord- 
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According  to  tny  lateft  d>ieiTation5,  'i>aS^r,  or 
nAtr  vapour,  is  the  bafis  of  all  kinds- of  air^  or  that 
toii^hich  they  owe  their  peculiar  kind  c^  etafticity\ 
lb  that  all  kinds  of  air  may  be  faid  to  be  vapour 
with  (bmething  elfe  (b  attached  to  it^  as  to  pre- 
vent its  condenlktion  in  the  temperature  of  the  at« 
mofphei«. 

The  moft  fimple  of  all  the  kinds  of  air  are  the 
biflamfMhU  and  depblogifticat^d i  the  former  ccmfift* 
ing  of  water  and  phlogifton^  and  the  latMr  of  watet 
and  fomething  that '  nuy  be  called  the  pfificiple  of 
mcidity,  as  it  appears  to  be  necei&ry  to  the  conftitution 
of  all  acids.  Water  ieem^  to  conftitute  aboiit  nine 
parts  in  ten  tf  dephlogiilicated  air>  btit  there  ieems 
to  be  a  much  Ids  proportion  of  it  in  inflammable 
flin 

The  bepatU  air  of  Mr.  Bergman  appears  from 
late  experiments  to  be  fulphur  diflblred  in  inflam- 
mable air^  and  fbojj^nfric  airtoht  phofphorus  dif- 
fdved  in  it;  becauie  if  either  of  th^  fubflances  be 
melted  in  inflammable  air,  that  ipecies  of  air  to 
which  it  gives  a  ndme  will  be  formed.  According 
to  this  theory,  what  I  have  called  ^/Si^p^^«8J  inftam^ 
maMe  mr  will  be  nothing  materially  difierent  flx>m 
hepadc  air,  that  is,  inflammaUe  air  at  leaft  partially 
faturated  with  fulphur,  ^though  I  was  not  aware  of 
it  at  the  time  of  die  cfifcovery, 

•  .  r  •  •  • 

Mm  4  Oil 


53^  OBSBRVATions  Bock  XII. 

Oil  of  various  kinds  feems  to  be  diffi>lv€d  io  in- 
flammable  air^  fo  as  to  make  the  air  bum  with  a 
lambent  fkune^  of  various  colours.  The  variety  of 
Jmdls  of  which  inflammable  air  is  capabk>  ihews 
that  it  admits  of  a  great  variety  of  impregnations ; 
and  this  is  oot  extraordinary,  confldering  how  nearly 
it  approaches  to  a  Ample  fubftance,  as  it  contains 
only  two  elements,  viz.  water  and  phlogtAon. 

fixed  air  k^ms  to  confifl:  of  about  one  half  wa- 
ter, and  the  other  half  phlo^iflon,  and  dq;>hl(^gt(ti- 
caced  air  in  the  proportion  of  one  fourth  of  the 
former,  to  three  fourths  of  ^e  latter.  It  is  formed 
by  .n^eanft  of  inflammable  and  dephl^;iflicated- air, 
when  eithpr  «f  them  is  difengaged  %  heat  £rom 
the  fubitance  containing: it,  in  the  other  fpedes  of 
air  adually  formed,  or  (which  can  hardly  be  laid  to 
make  a  diflf^eot  cafe)  when  the  fubflances  contain* 
ing  each  of  them  are  heated  together ;  whereas  if 
both  the  kinds  of  air  were  previoufly  formed,  and 
then  decompofed  together,  they  will  msdce  nitrous  acid^ 
with  nothing  more  ^and  this  only  in  fome  cafes) 
than  a  very  (light  appearance  of  fixed  ain 
.  .A//r04tfii^confifbof  phk^ifl:on,  and  fbme  por« 
lion  of.  the  acidifying  frinc^U^  combined  in  a  vtrf 
peculiar  >and  unknown  manner,  fo  that' much  difii- 
culty  ftill  attends  the  diebry  of  this  kind  of  air. 
That  it  contains  the^  acidifyaig  principle,  or  ibme 
modification  of  it,  is  evident  from  its  admitting  a 

'    .  '*  candle 
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candle '  to  bum  in  it  after  long  expofiire  to  iron. 
And  in  this  fiate,  to  which  I  have  given  the  name  df 
dipbkpfticaied  nitrous  air,  it  feems  to  want  nothing 
but  expofure  to  beat  to  convert  it  into  proper  de- 
phlogifticated  air. 

That  nitrous  sur  contains  the  principle  of  aciditjr^ 
is  alio  probable  from  pyrophorus  firing  equally  well 
in  this  kind  of  air  and  in  dephlogifticated  air.  It 
cannot  be  thcwaier  only  in  them  both  that  is  the 
caule  of  this  accenfion^  becaufe  pyrophorus  that  has 
been  ignited^  .gives  out  by  eicpofure  to  heat  one  of 
the  elements^  at  leaft^  of  dephlogifticated  air^  viz. 
that  which  is  contsuned  in  fished  sur.  That  nitrous 
air  contains  this  principleyis  farther  evident  from 
the  very  fine  experiment  of  Mr.  Milner^  who  pro- 
duced nitrous  air  by  pafling  alkaline  air  over  llib* 
ftances  containing  dephlogifticated  air  in  a  red  heat. 
See  PhU.  Tranf.  Vol.  LXXIX.  p,  300. 

We  know  but  little  of  fhe  nature  of  phlogifticaied 
Mr ;  but  thiat  it  contains  phlogifton,  leems  to  be 
evident  from  its  afliftii^  to  form  nitrous  acid  with 
dephlogifticated  air,  in  die  remarkable  experiment 
of  Mr.  Cavendifh  with  the  elcdric  (park.  The 
fame  may  be  inferred  from  nitrous  air  leaving  a  re- 
Iiduum  (generally  about  one  fourth  of  its  bulk)  of 
phlogifticated  air  in  a  variety  of  pfocefies,  efpeci- 

aHy  when  part  of  its  water  has  been  cxtrai&cd  -from 

It 
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it  hj  htfating  iron  in  it.  Alfo^  as  the  mxt  lofes  its 
phlogiftoi^  andcxtrada  nothing  from  nitrous  air, 
befides  water^  it  feems  probable  that  the  acidifjodg 
principle  in  nitrous  air  is  left  behind  in  this  procefit, 
.  and  therefore  that  this  muft  be  another  cdnitituent 
principle  in  phlogifticated  air*  It  alio  foBows 
from  the  fame  experiment^  that  phlogifticated  sur 
muft  contain  all  the  phlogifton  in  the  hitrous  aii^ 
which  was  four  times  its  own  bulk»  and  alfi>  that  of 
the  iron. 

The  different  fpecies  of  4uid  my  feem'  to  be 
thofe  acids  in  the  fortx>  of  vapour  highly  phlqg^^ 
catedj  and  combined  with  a  certain  portion  of  wa- 
ter, Befides  this,  the  flijor  acid  air  contains  a  por- 
tion of  the  imrtby  called  jfiy^  cri^. 

Alkaline  air  appears  to  conlift  of  pbkgifticafed  air 
and  infUmmable  air,  both  by  its  decompofidon  with 
heat,  and  its  formation  from  nitrous  air  and  iron, 
eidier  in  my  own  flow  (ft-ocefsj  with  cold  iron,  or 
Mr.  Milner's  very  curious  one  with  iron  red  hot. 
But  the  fecret  of  the  combination  of  phlogifticated 
air  and  inflamm^le  air,  fo  as  to  conftitute  alka- 
line air,  is  altogedier  unknown;  and  we  cannot  be 
fakl  to  know  much  of  the  luuwre  of  a  fubftance,  when 
we  know  nothmg  nioijc  than  the  tlenwus  of  whidi 
it  is  composed)  and  are  wholly  ignorant  of  the  man- 
ner  of  their  cmkmatifBi,  (ince  Alliances,  moft  re- 
markably 
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markably  diflcreilt  from  each  other^  appear  t 
fill  of  the  lame  elements  in  different  propc 
abd  limited  in  a  different  niinner. 

The  ftitrous  acid  appears  from  my  late  < 
ments  to  be  the  moft  fimple  of  all  the  acids 
it  is  formed  by  the  decompofition  of  deph 
cased  ^r  and  the.purefl  inflammable  air;  ; 
the  acidifying  pdncipk  is  the  fame  in  all  the 
efpecially  the  three  mineral  ones^  it  is  probab 
fome  peculiar  additional  Jubftance  may  be  nei 
to  conftitute  the  vitriolic  and  qiarine  acids^  \ 
as  the  vegetable  ones.  But  even  thefe  may 
from  the  nitrous  in  nothing  more  than,  a  di 
pombbation  of  the  fame  elementSj  fo  vtrf  li 
we  know  of  the  internal  conftitudon  of  flibftai 

The  action  of  the  eleSricJpark  upon  di 
kinds  of  sur^  is  not  eafily  explained.  As  a  p 
nent  inflammable  air  is  formed  by  it  from  an 
pf  oil,  or  cauftic  volatile  alkali^  it .  muff:  be  c 
of  giving  this  ^rial  form,  to  the  water  and 
gifton  contained  in  thefe  lii^yOrs  ;  but  as  a  re 
will  do  the  fame  thing,  this  ,efie£t  nuy  be  pre 
by  means  pf  the  mere  befit  communicated  1 
ipark.  And  fomething  communicated  by  heat, 
to  enter  as.  a,  CQnfiituent  principle  into  every  1 
of  aif,  becaufe  the  wat^r  in  the  ifjrotmi  tub 
heated  when  air  is  prgdiiced.  from  tte^^P^ 


'// 
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acids.  The  clement  of  heat,  therefore,  called  by  Dr. 
JBlack  launt  beai,  extremely  obfcure  ^  the  fubjeft 
is,  feems  to  enter  into  the  compofition  of  all  kinds 

of  air. 


SECTION    IL 

0/  (be  DoSrine  of  Phhgifttm. 

ACCORDING  to  Stahl,  phlogifton  is  a  real 
fiibftance,  capable  of  being  transferred  from 
one  body  to  another,  its  prefence  or  abfence  mak- 
ing a  remarkable  diflference  in  the  properties  of 
bodies,  whether  it  add  to  their  weight,  or  npt.  Thus 
he  concluded  that  oil  of  vitriol  deprived  of  water, 
and  united  to  phlogifton,  becomes  fulphur,  and 
that  the  calces  of  metals,  by  the  addition  of  the  lame 
fiibftance,  become  rftetals.  The  air  that  has  fince 
been  difcovered  in  the  calces  of  metals,  makes  no 
great  difference  in  the  iyftem*  For  as  oil  of  vitriol 
muft  part  with  its  water,  as  well  as  imbibe  phlo- 
gifton, in  order  to*  its  becoming  fulphur,  to  the 

calx 
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calx  muft  part  with  its  air^  as  well  as  imbibe  phlo* 
gifton^  in  order  to  become  a  metaL 

What  is  now  contended  for  is,  that  in  the  oil  of 
vitriol  changing  into  ilil{>hur^  fomething  is  Ufi,  and 
nothing  gmnedi  and  alio  that  a  cabc  becorhes  a 
metal  by  die*  lo(s  of  air  only.  And  did  fads  cor« 
reipond  on  this  theory,  it  would  certainly  be  prefer- 
able to  that  of  Stahl,  as  being  more  Jttnple ;  there 
being  one  (Minaple  lefs  to  take  into  our  account  in 
explaining  the  changes  of  bodies.  But. I  do  not 
know  of  any  cafe  in  which  phlc^ftdn  has  been  fup- 
pofed  to  enter  into  a  body/ but  where  there  is  room 
to  fuppofe  that  Jonieibwg  does  enter  into  it 

What  has  been  infifted  upon,  as  moft  ^vouvable 
totheexciufibnof  phlogifkpn,  is  the  revival  of  sner* 
cttty,  without  the  addition  of  any  other  fobftanoe, 
from  1^  pfuifitaie  per  fe.  In  this  cafe  it  is  evident 
that  mere  beatj  either  in  a  dole  retort,  or. in  vacuo, 
is  iufBdent  to  revive  die  mecaL  jftnd  ^  what,  is 
expelled  from  tiiis  calx  is  die  pureft  dephl<^;ifticated 
air,  it  hie  been  find  that  meitury  is  changed  into 
this  caBc  by  imbibing  pure  air^  and  t|iere£bre  bcr 
coihes  a  metal  again^  nierely  in  ^nfequencc  of 
fartii^  with  diat  air.       '      ' 

But.Mr.tKirwan  ei^ddips  this  cafe  in  the  follow^ 
ihg  ma9her,>. which  to  me  appears  facisfaftory. :  The 
mctaly  wfaien  ei^fed  tp  a  certain  degree  .of  heat, 

in 
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in  coptaft  with  puro  ak,  imbibes  indeed  the  p«lr» 
air,  and  nothing  clfc,  retwiing  the  whol«  of  its 
own  phlogiftoa^  fo  that  then  it  may  be  faidto  con- 
tain fixed  iair,  which  is  compoled  Qf  phlp^on  and 
dephbg^cated  air ;  and  that '  in  a  gnmter  degree 
of  heat,  the  latter  is-apelled  whjk  the  former  i$ 
retained  s  fo  that  this  c?abc  was  always  poiftfled  of 
phlogiftoi\  fufficient  fqr  iu  own,  revival. 

But  that  mercury  nfiay  be  deprived  0f  ks»  fAlor 
gifton^  ib  as:  to  be  incapable  of  becoming  nmoiag 
mercury  agadn  by  mere  teati  ia  evident  irpm  my 
experiments  on /i^/i^ittmd-^i  .:FQr;ifthisfubftancf 
be  expofed  to  heat. in  a: vqry  dean  reaitlvm  visBeli 
the  vitriolic  acid  fo  efie^biitUy  cahiea  dway  ifs  phlo- 
giftqnj  that  a  great  .'piopo^oa  of  iris^teft  a  mere 
calx,  capable  of  bearing  any  degree  of  hide  inAk^ 
ovjL  revival  $  and  it  can  jiever  become.ruonittg  roer^ 
cury  again,'  but  by  bding  heatzxl  in.  conta&  with 
inflarbmdfcle  air,  or  fbme  oither  fubftancr containing 
phttkgffton;^  ,  It>  is  evi4en^  therefon6»  dsmt.  tfau  c^ 
vi^hich  C|' stdark  red  fubftance^  fosxielandes  hard,  and 
fomedmet-  powdery,  is  mercury  deprived;. of  its 
{^o^flopi  and  fomeihing  muft  enter  into  it  before 
it  can  become  a  metal.  Confequeodyi  the;  metalj^ 
are  not  fimple  liMances,.  but  phlog^fton.ah^ays  en- 
ters into  their  compofition;  This,  indeedi^is  evii- 
dent  fix)m  dioie  of  my  expoimencs  in  which  I  pro* 

duct 


duce  any  ^(  ^  metals  from  the  calces^  by  heating 
thepi  in  inflaipmablc  s^r^  which  is  imbdbcd  by 

them. 

Mon(.  Lavoifier,  and  many  who  follow  him,  ar? 
of  opinion  that  what  has  been  called  rphlogiftonj  is 
ncyrhing  more  than  one  of  the  ^gnftityent  parts  of 
wa^er,  dtf  otherbeing  the  frincifU  of  ^uiifyy  ,  and 
dm  doi6lrin«  of  the  compofitiop  and  d^compofition 
^f  water,  b^s  been  made  the  bafis  of  w  entirely  new 
iyftem  of  cbemiitry,  and  a  new  iet  of  terms  hay 
been  tavorited,.  and  appropriated  to  it. 

It  mud  bfe  acknowle^d,  U^t  fubllances  poCr 
fcflfed  of  very  different  pjopertif  s,  may,  as  I  have 
£ud,  becompofed  of  the  feme  ejenxents  ip  different 
proportions^  and  differeixi;  modes  of  combination. 
It  cannbt'  t^refore  b^  f^id  tp;bQ  ^bfisihitely  impo/l 
JUle  but  that,  watjer  ^niay  be  eompoled  of  theie  two 
itiement%  or  of  any!  others  but.  then  the  fupppfition 
fliould  not  be  ndnnitted  without  ^^^j  and.^a  for* 
IBW  .d^ewy  wiUfufficiently  acfeQ\^nt  for  all  tk^/affs^ 
j^re  is.po  occ^pn  to  have  recourfe  to  a. flew  Qne^ 
atoend)»l  with  no  peculiar  adv^nt^. 

AUo^gthat  pMcgifton  is  an  element  in  the  compo- 
iidon  iof^water>  is,  as  I  have  more  than  once  ob- 
lerved,  not  improbable,  iince  water  conducts  eleo 
tricity  like  metals  and  charcoal,  into  which  the 
ianje  prmdpk  enters,  and  becauie,  when  frefh  dif«- 
it  attiafti  dephloglfticatcd  air  from  the  at- 
t  mofjphere^ 
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molpherc,  which  is  the  property  of  other  bodies 
containing  phlogifton.  By  this  means  it  may^  in 
fa6t,  contain  both  the  principles,  of  which,  accord* 
ing  to  die  new  theory,  it  wholly  confifls  j  and  in 
what  degree  it  contains  them,  we  cannot  telL  For 
though  heat  may  expel  a  part  of  them  in  the  form 
of  air,  the  force  of  this  aftion  may  be  lunited,  fb 
that  water  boiled  ever  fo  long  may  retain  muck 
air,  which  only  a  red  beai  will  difcover,  efpeckdly 
fo  intenfe  a  heat  as  eleftricity  is  known  to  conumi^ 
nicate.  But  this  is  no  argument  againft  the  do6bine 
of  phlogifton,  fince  it  only  proves  diat  diis  prin- 
ciple is  contained  in  water,  more  or  lefs  intimately 
combined,  as  well  as  in  many  other  fobfi&nces^ 
This  may  lerve  as  a  general  reply  to  xhe  coiidxi>> 
fions  that  Meflh«  Van  Trooftwyck  and  Dvtmzk 
have  drawn  for  thdr  very  ftriking  expeiimcots  on 
water,  till  they  can  be  repeated  and.  examined  wiA 
die  attention  that  they  certainly  deferve» 

Finding  the  procefs  for  procurinjg  air  from  wa* 
tcr,  by  means  of  the  eUSMcJpark^  a  very  flow  one, 
and  liable  to  many  accidents,  I  had  recour&  lo  a 
well  glazed  hot  earthen  tube,  and  then*  to  a  htrmt^ 
mtrrer,  throwing  the  focus  upon  a  piece  of  crucible 
covered  with  water.  In  all  thefe  t|uw  methods  I 
procured  air;  but  dunking  to  preftrve diem  dli  I 
gc^  a  quantity  fuificient  for  a  few  exfdofion%  ia 
order  to  fee^n^iedier  any  «ai/wauldbrtheitfuh^  I 

»  found 
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found  they  were  all  either  completely,  or  very  ncar-^ 
ly,  abfbrbed  by  the  water,  even  water  fiifficiently 
feturatcd  with  air,  fo  that  it  would  not  imbibe 
cither  dephlogifticated  or  inflammable  air.  Confe- 
quendy,  fomething  was  wanting  to  conftitute  this 
produce  proper  permanent  air.  In  this  view  the  ex- 
periment is  extremely  curious,  and  well  deferves  to 
be  prolecutcd.  If  I  have  a  good  fun  in  the  courfe 
of  the  approaching  fummcr,  I  fhall  not  fail  to  at- 
tend  to  it. 

*  It  is  faid  by  Mr.  Lavoifier,  and  his  friends,  that 
water  muft  confift  of  inflammable  and  dephlogifti- 
cated air,  fince  it  may  both  be  compofed  from 
them,  and  refolved  into  them  again.  But  their  ex- 
periments I  have  (hewn  not  to  authorize  the  conclu- 
fion  that  has  been  drawn  from  them.  When  de- 
phlogifticated and  inflammable  jur  are  decompolcd 
by  heat,  both  in  my  experiments  and  theirs,  nitrous 
acid  is  always  formed  $  and  though  this  acid  has 
been  faid  to  come  from  the  phlogifticatcd  air, 
which  could  not  be  wholly  excluded  in  the  proceft, 
it  is  manifeft  from  leveral  conflderations  that  it 
could  not  have  this  fource ;  efpeciall'y  as  the  lame 
procefs  will  not  at  all  decompofe,  or  in  the  fmalleft 
degree  affeft,  phlogifticated  air.  Befides,  if  phlo- 
gifticatcd air  ftiould  contribute  to  the  formation 
of  thb  nitrous  acid,  it  is  moft  natural  to  fuppofe  that 
it  is  efFefted  by  imparting  phlogifton,  of  which  it 
Vol.  Ill*  N  n  prin- 
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principally  conlifts  ;  and  in  this  manner  I  doubt  not 
it  does  coritributc  to  the  formation  of  citrous  acid 
in  the  experiment  of  Mr.  Cavendifh,  the  dephlo* 
gifticated  air  furniftiing  the  principle  of  acidity,  and 
die  phlogifticated  air  phlogifton,  as  the  inflammable 
air  does  in  my  experiment. 

In  what  manner  foever  dephlogifticated  and  in- 
flammable air  be  made  to  unite,  they  compofe 
fome  acid,  and  in  no  c^kpure  water.  If  iron  (con- 
taining phlogifton)  be  heated  in  dephlogifticated 
air,  or  if  precipitate  per  fe  (containing  dephlogifti- 
cated air)  be  heated  in  inflammable  air,  fixed  air  is 
always  fornjed ;  whereas  according  to  ihe  modern 
hypothefis,  water  only  ought  to  be  produced  in  both 
the  cafes.  That  the  fixed  air  Ihould  come  either 
from  the  plumbago  in  the  iron,  or  from  the  preci- 
pitate per  fe,  is  impoflible  on  the  account  of  the 
quantity  of  it.  The  precipitate  that  I  made  ufe  of, 
contained  no  fixed  air  at  all,  and  whatever  plum- 
bago there  may  be  in  iron,  it  is  always  retained  in 
the  calx,  and  does  not  enter  into  the  inflammable 
air  procured  from  it,  becaufc  that  inflammable  air 
may  be  decompoled  without  producing  any  fixed 
air. 

.  Water,  jthey  fay,  is  completely  decompofed  when 
it  is  made  to  pafs  over  red*  hot  iron,  the  iron  im- 
bibing the  acidifying  principle,  and  •  the  remainder 
going  off  in  the  form  of  inflammable  air.  ^But  it  is 

unfor- 
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•unfortunate .  for  this  hypothefis,  that  no  fubflancds 
will  anfwer  for  this  experiment,  except  fuch  as  have 
always  been  fuppofed  to  contain  phlogifton,  and 
chat  all  thefe  do  anfwer.  It  is  therefore  much  more 
probable,  that  the  infiammable  air  is  formed  by  the 
^hlopfton  from  theie  fubftances,  and  the  water  with 
which  it  is  then  fupplied  as  a  bafe,  and  that  if  any 
part  of  the  fubftance  remain,  and  acquire  weighty 
it  receives  that  additional  we^ht  from  water  only. 

Charcoal  almoft  wholly  vanifhes  in  this  procefs, 
which  it  probably  do^  by  ics  entering  wholly  into 
the  air  that  is  produced,  aad  the  fixed  air  that  is 
found  mixed  with  the  inflammable  air,  only  fhews 
that  charcoal  contains  all  the  elements  of  fixed  air, 
the  acidifying  principle  as  well  as  phlogifton,  and  it 
has  not  been  (hewn  that  it  does  not. 

Iron  acquires  weight  in  this  procefs,  but  it  ap- 
pears to  be  from  water  only,  becaufc  when,  afi:er 
this,  it  is  heated  in  inflammable  air,  that  air  is  im- 
bibed, and  nothing  but  the  pureft  water  is  found 
in  the  veflel  i  whereas  if  this  ironjlagy  or  finery  cin- 
der ,  had  contained  the  acidifying  principle  extradted 
from  the  water,  the  heating  of  it  in  inflammable  air 
woiild  be  attended  with  the  fame  phenomena  as  the 
heating  of  precipitate  per  Je  in  the  fame  kind  of  air, 
viz.  the  produ6tion  of  fixed  air.  But  this  is  not  the 
cafe  i  there  being  no  mixture  of  fixed  air  in  what 
xemains  of  the  inflammable  air  in  which  finery  cinder 

N  n  2  is 


is  heated}  but  always  in  that  in  which  the  pred[»- 
tate  is  heated. 

The  feme  is  perh^  ftiU  mote  evident  from  heat- 
ing the  two  fubftances,  msnittm  and  aqficot,  in  in- 
fkmnuble  aiE.  If  minium,  which  contains  pure 
air,  or  the  acidifying  pnnciple^  be  heated  in  inflam- 
mable air,  the  lead  wilt  be  rerired,  and  fixed  air 
will  be  found  in  the  veflel.j  but  if  maflkoc,  or  that 
minium  from  which  its  air  has  been  esqielled  by  heat» 
be  ufed,  though  the  lead  wiU  be  revived,  no  fixed 
air  will  be  found.  -  The  refult  will  be  die  very  fame 
as  when  iron  is  revived  from  finery  cinder  in  a- 
flammable  air. 

Had  the  iron  imbibed  dephlog^cated  ur  from 
the  water,  and  not  water  itfelf,  theie  feems  to  be 
no  reafon  why  fixed  air  Ihould  not  be  found  in  thia, 
as  well  as  in  the  exa<5Uy  Gmilar  procefs  with  minium 
and  precipitate  po"/',  Alfo,  it  can  never  be  fup- 
pofed,  that  the  addition  which  iron  gains,  of  one 
third  of  its  weight,  is  from  air  contained  in  fteam, 
if  it  could  be  proved  to  contain  any ;  becaufe,  if 
there  be  a  fufficient  quantity  of  iron,  the  whole  of 
the  water  will  be  imbibed  -,  fo  that,  on  this  hypo- 
thefis,  water  mufl  be  nothing  but  dephlogifticated 
air  condcnfcd. 

There  is,  I  acknowledge,  a  great  difficulty  in  ex- 
plaininR  the  experiment  of  iron  firft  imbibina  water. 
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its  water,  and  imb&ing  phlogifton,  inclr 
of  heat  fo  nearly  fimilar  as  thofc  which 
fcribed.  It  feeois  as  if  the  affinity  of  ire 
and  to  phlogifton  was  each,  in  their  turn 
than  the  other.  To  this  1  can  only  fa 
whole  doftrinc.  of  affinities,  as  far  as  it 
founded  on  fads ;  and  thefc  are  clearl] 
have  reprefented ;  and  that  a  difference 
ftances,  which  is  not  apparent  at  prefcn 
come  fo  when  we  (hall  have  given  luffi( 
tioh  to  them. 

The  refults  of  the  experiments  wii 
compaird  with  tboie  in  which  finery 
ufed,  not  having  been  recited  before,  I  : 
duce  them  here.  In  both  thefe  cafes  th( 
of  the  inSammable  air  were  equally  free 
air  I  and  when  they  were  fired  with  equj 
of  dephlogifticated  air,  the  diminutior 
were  very  nearly  the  fame,  lefs  than  wh 
ginal  inflammable  air  was  ufed,  bccaufe 
purities  in  the  whole  quantity  were  re 
finall  refiduum,  the  metals  having  imbil 
but  pure  phlogifton.  Alfo  the  inflammj 
been  long  confined  by  water,  in  conl 
which  it  is  always  altered  more  or  lefs. 
cuUns  of  the  proce0es  were  as  follows : 
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The  finery  cinder  was  revived  in  7  oz.  m,  ofj 
inflammable  air,  which  was  thereby  reduce  to  i  J  oz.- 
m. ;  and  an  oz.  m.  of  this  refiduum  being  fired  to- 
gether with  an  equal  quantity  of  dephlogiflicaced 
air,  not  very  pure,  the  diminution  of  both  was  to 
a8  divifions  of  a  tube,  of  which  30  was  one  oz.  m. 
when  with  equal  quantities  of  the  fame  dephlogifti. 
<<:ated  and  the  original  inflammable  air,  the  diminu- 
tion was  to  1 8. 

The  maflicot  was  reduced  in  8  oz.'  m.  of  inflam- 
mable air  till  it  was  reduced  to  li  oz.  m.  i  and  after 
the  procefs  with  the  dephlogifticated  air,  the  dimi- 
nution was  to  29,  when  with  the  original  inflamma- 
ble air  it  was  to  174. 

In  both  the  refiduums  after  the  explosion,  there 
was  a  flight  appearance  oi  fixed  airy  though  none 
could  be  perceived  before  the  explofion ;  but  in 
both  cafes  it  was  io  flight  that  it  could  hot  have 
been  perceived  by  the  diminution  of  its  bulk.  But 
fince  both  fixed  air  and  nitrous  acid  are  produced 
from  the  fame  materials  in  different  drcumfianoes, 
it  cannot  be  thought  extraordinary  i^  in  fome  cafes, 
both  fliould  be  produced  at  the  &me  time. 

Another  argument  againft  the  antiphlogiftic  doc- 
trine, may  be  drawn  from  fome  experiments  which 
J  made  upon  FruflTian  blue,  if  the  fmall  quantity  of 
fixed  air  that  can  be  expelled  from  it  by  heat,  be  com- 
pared 
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pared  with  the  much  greater  quantity 
heated  in  dephlogifticated  air. 

According  to  Mr.  I^avoifier,  finery  i 
tains  nothing  befidcs  iron,  and  the  princ 
dity.     But  if  thb  be  the  cafe,  and  if  c 
they  maintain,  be  a  fubftance  that  contai 
gifton,  but  is  only  capable  of  forming  ii 
air  by  its  affifting  to  decompofe  water, 
of  this,  dry  cinder y  together  with  dry  char 
not  to  produce  inflammable  air,  which 
does  in  great  abundance ;   whereas  this 
exaftly  with  the  common  hypothefis,  the 
return  for  the  phlogifton  it  receives  froir 
coal,  giving  out  the  water  which  it  had 
bibed ;  and  this  water  enabling  the  rema 
charcoal  to  take  the  form  of  inflammable 

Ithas  beenfaid,  that  if  the  finery  c 
tained  nothing  but  water,  it  could  not  be 
heating  iron  in  dephlogifticated  air,  whi< 
is  done  with  as  much  certainty  as  in  p 
But  by  far  the  greateft  part  of  the  weight 
gifticated  air  is  water,  and  the  air  being  d 
in  the  proccfs,  the  water  is  imbibed  bj 
and  the  acidifying  principle  contributes  to 
air,  with  the  phlogifton,  which  is  at  the 
expelled  from  the.  iron  \  a  faft  which  can 
counted  for  on  the  new  hypothecs,  wh 
of  nothing  in  the  iron,  which,  by  its  c< 
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with  d^phlogifticaced  air,  or  any  confticuent  part  pf 
it,  can  form  this  fixed  air. 

If  water  be  not  decompofed,  bcth  metals  and 
fulphur  do  certainly  yield  inflammable  air,  when 
fleam  is  made  to  pais  over  them  in  a  red  beat* 
They  cannot,  therefore,  ht  Jimple  fubftmuesy  as  the 
antiphlogiftic  theory  makes  them  to  be.  AUb,  the 
feme  thing  that  they  have  parted  with,  vt&.  inflam* 
mable  air  (or  rather  fomething  that  is  left  of  inflam^ 
mable  air  when  the  water  is  taken  from  it,  and  whkll 
may  as  well  be  called  fhlogijlm  as  any  thing  elfe) 
may  be  transferred  to  other  fubftances,  and  thus 
contribute  to  form  any  of  the  metals,  fulphur,  phof* 
phorus,  or  any  thing  elfe  that  has  been  deemed  to 
contain  phlogiflon.  This  phlogillon,  alio,  no 
doubt,  having  weight,  it  perfedlly  correiponds  to" 
the  definition  of  z.Jubftmce,  having  certain  affinitieiSy 
by  means  of  which  it  is  transferred  from  one  body 
to  another,  as  much  as  the  difierent  acids. 

If  there  be  no  fuch  thing  as  one  principle  of  phlo* 
giflon,  transferable  from  one  fubfbince  to  another^ 
and  the  doftrine  of  the  decompofition  of  water  be 
denied,  it  mufl  be  admitted,  that  inflammable  air 
from  fulphur  is  real  fulphur  and  water,  that  frotii 
iron,  iron  and  water,  as  well  as  that  very  difierent 
fubftance,  the /cole  of  iron.  An4  (ince  copper,  or 
any  other  metal,  may  be  made  of  inflammable  air 
from  iron,  &c»  all  th^  metals  will  be,  in  &&,  cocv- 
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vertible  into  one'  another.  At  leaft.  It  may  be  faid, 
that  all  the  component  parts  of  any  one  metal  may 
be  fb  incorporated  with  any  other,  that  no  teft  can 
deted  it.  Alfo  iron,  made  of  inflammable  air  from 
fulphur,  ought,  upon  this  hypothefis,  to  have  the 
properties  oi /idpburated  irorij  which  undoubtedly  it 
would  not  have.  An  hypothefis  loaded  with  thefe 
difficulties  mufl  be  inadmiffible;  whereas  that  of 
phlogifton  is  extremely  fimple,  and,  as  &r  as  ap« 
•  pears,  of  univerfal  application. 

The  difcovery  that  the  grcatcft  part  of  the  weight 
of  mflammable  air,  as  well  as  of  other  kinds  of  air^ 
is  water,  does  not  make  the  iife  of  the  term  phlo- 
gifton  lefs  pmper :  for  it  may  be  ftill  ^ven  to  that 
principle^  or  thing,  which,  when  added  to  water, 
makes  it  to  be  inflammable  air ;  as  the  term  aci£^ 
fying  principle  may  be  given  td  that  thing  which^ 
when  it  is  incorporated  with  water,  makes  dephlo* 
gifticated  air. 
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SECTION     III. 

ji  more  particular  Anfwer  to  the  ObjeSum  of  the  Ai^ 

tipblogiftiMs. 

IT  will  be  expcftcd,  that  in  this  reply  to  the  ob- 
jedions  that  have  been  made  to  my  experiments 
eftablifhing  the  doftrine  of  phlo^on^  I  fliould  con- 
fider  what  has  been  alledged  by  Meflrs.  Lavoifier, 
BerthoUet,  and  de  Fourcroy,  in  favour  of  their  new 
fyftem,  m  their  Report  on  the  fubjeft  of  the  new 
chemical  charadters  invented  by  Meflrs.  Hallenfratz 
and  Adetj  fubjomed  to  the  new  Nomenclature  Cby^ 
mique.  I  fhall  therefore  notice  what  appear^  to  fi\e 
to  be  moft  important  in  that  publicaticm*. 

**  One  of  the  articles  of  the  modem  dodbine" 
of  which  they  fay,  p.  311,  "  that  it  coft  more  than 
'*  twenty  years  labour,  which  the  force  of  reaion* 
'^  ing  has  obliged  many  celebrated  chemifts  to 
'*  adopt,  and  in  &vour  of  which  much  greater  num- 
"  bers  arc  ready  to  decide ;"  (and  the  evidence  for 
which  they  fay,  p.  301,  "  is  the  moft  complete 
'f  chemical  proof)  that  feems  the  moft  folidly 
"  eftablilhed,"  p.  298,  "  is  the  formation,  the  dc- 

5  "  compofition^ 


Self.  IIL  ON    THE6Ry.  555 

"  compofition,  and  recompofition  of  water;  and 
''  how  is  it  poffible,"  they  add,  "  to  doubt  of  it; 
^^  when  we  fee  that,  in  burning  together  fifteen 
^'  grains  of  inflammable  air  and  eighty  five  of  pure 
^*  air,  we  get  exaftly  a  hundred  grains  of  water ; 
*'  and  when  we  can,  by  decompofition,  find  again 
^*  thefe  fame  two  principles,  in  the  fame  propor- 
"  tions  ?" 

To  this  I  muft  fay,  as  I  did,  when  I  was  myfelf  a 
believer  in  the  decompofition  of  water,  that  I  have 
never  been  able  to  find  the  fuH  weight  of  the  air 
decompofed  in  the  water  produced  by  the  decom- 
pofition ;  and  that  now  I  apprehend  it  will  not  be 
denied,  that  the  produce  of  this  decompofition  is 
not  mere  water,  but  always  feme  acid. 

M.  Lavoifier  and  his  afibciates  farther  obferve, 
p.  300,  with  refpeft  to  my  experiments,  that  "  when 
•"  a  calx  is  revived  in  inflammable  air,  more  water 
'*  is  found  in  the  veflel  than  the  weight  of  inflam- 
^'  mable  air  that  difappears,  fo  that  it  could  not 
."  have  been  contained  in  that  air."  They  only 
refer  to  my  experiments  in  general;  but  as  they 
ipeak  of  the  water  produced  as  appearing  both  on 
the  infide  of  the  veflel,  and  on  the  furface  of  the 
mercury,  it  can  be  no  other  than  the  experiment 
of  the  revival  of  iron  from  finery  cinder  -,  and  the 
water  that  is  found  in  this  procefs  was  nevec  fup- 
pofed  to  -come  from  the  Utt^e  thatiseout^axve^vtv 
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the*  inflammable  aif,  but  the  much  greater  quantity 
contained  in  the  cinder. 

I  ihaU  alfo  confider  the  fimber  obje&ions  that 
have  been  made  to  the  do&rine  of  phlogifton^  and 
to  my  experiments  in  £ivour  of  it,  that  have  (ince 
been  made  by  Mr.  BerdioUet,  in  an  elaborate  Me- 
moir contained  in  the  Annales  de  Chymiej  voL  IIL 
p.  G^j  &c. 

To  the  experiment  with  the  iinejy  cinder  and 
charcoal  Mr.  BerthoUet  objefb,  p.  79,  tlm  I  pro* 
bably  got  more  fixed  air  than  inflammabie9  chat  the 
inflammable  au*  contains  much  diarcoal  difCblved 
in  it,  and  that  in  many  experiments  charcoal  appears 
to  retain  water  very  obftinately. 

How  obftinately  charcoal  retains  water,  is  eafily 
afcertained.  For  Mr.  Berdiollet  himfelf  would  iay^ 
that  when  any  particular  degree  of  heat  would  not 
make  charcoal  yield  any  more  inflammable  air, 
there  was  no  more  water  retained  in  it  than  the 
fame  degree  of  heat  was  able  with  its  a0iflance  to 
decompofe.  But  by  the  afliftance  of  finery  cmder^ 
with  even  a  much  lels  degree  of  heat,  it  yields  in- 
flammable air  very  copipufly,  juft  as  if  (beam  had 
been  made  to  pafs  over  ic  in  that  heat ;  and  judg- 
ing from  evident  appearances,  there  can  be  no  doubt 
but  that,  with  a  fufficient  quantity  of  finery  clndei^ 
to  fupply  it  with  water,  all  the  phlogiflon  in  the 
charcoal,  exclufive  of  that  which  contributed  to  the 
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revkal  of  the  irony  will  be  converted  ioco  Inflam- 
mable air.  As  to  the  proportions  between  die  fixed 
air  and  inflammable,  and  that  of  the  charcoal,  which 
he  fuppofes  to  be  combined  with  the  inflammable 
air,  they  are  nearly  the  fame  in  that  inflammable  air 
which  is  formed  from  charcoal  by  water. 

To  my  expetiment  with  the  terra  pmderefay  which 
proTCS  that  water  is  a  conflituent  part  of  fixed  air, 
and  therefore  probably  of  other  kinds  of  air  alio, 
Mr.  BerthoUet  obje£b>  p.  82,  diat  I  did  not  ex* 
amine  the  lo{s  of  weight  in  this  fubftance.  But 
after  the  procefs  it  adhered  fo  clofely  to  the  earthen 
tube  in  which  the  experiment  was  made,  that  the 
lofs  of  weight  cannot  be  afcertained  with  accura- 
cy. But  this  is  not  at  all  necefiary.  I  found 
very  exaftly  how  much  fixed  air  a  given  quan- 
tity of  this  fubftance  would  yield  by  means  of 
water,  which  appeared  to  be  the  very  fame  that  it 
yielded  by  folution  in  fpirit  of  fait,  and  that  it  yielded 
no  air  at  all  by  mere  heat  without  water.  It  was 
quite  fufficient  therefore  to  find  how  much  water 
was  expended  in  procuring  any  quantity  of  fixed  ^r 
from  this  fubftance.  And  as  there  was  no  other 
fource  of  lofs  of  water  befides  the  fixed  air,  it  could 
not  but  be  concluded,  that  it  entered  into  tts  com- 
pofition,  as  a  necefTary  part  of  it,  and  in  the  pro- 
portion which  I  afcertained. . 

Mr.  Berthollet  in  this  memoir  takes  \t  for  gcaiA- 
ed  that,  in  the  decompofition  of  depV0LO^A&Acas»i 
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and  inflammable  air  in  the  copper  tube,  the  acid 
came  from  the  phlogifticated  air,  which  I  acknow- 
ledge that  I  could  not  wholly  exclude,  merely  be* 
caufe  dephlogifticated  and  phlogifticated  air  pro- 
duced the  fame  acid  m  Mr.  Cavendifh's  (low  and 
very  different  procefs  by  the  eleftric  fpark,  widiout 
confidering  my  repeated  anfwer  to  this  objedion^ 
viz.  that  it  always  appeared  by  aftual  trial,  that  any 
given  quantity  of  phlogifticated  air,  purpofely  mix- 
ed with  the  two  other  kinds  of  air,  always  remained 
intirely  unafFeded  by  this  procefs ;  that  the  more 
phlogifticated  air  that  was  mixed  with  the  dephlo- 
gifticated air,  the  lefs  acid  I  conftandy  got,  and  that 
the  purer  the  dephlogifticated  and  inflammable  airs 
were,  the  more  acid  I  got. 

He  alfo  fuppofes  that  in  this  procefs  I  firft  pro- 
cured a  fulpbureous  acU,  and  that  it  became,  by 
imbibing  pure  air  from  the  atmofphere,  a  proper 
nitrous  add.  But  as  the  experiment  was  nude  in 
a  clofe  copper  tube,  and  in  general  with  no  fuper- 
iluity  of  dephlogifticated  air,  there  was  po  oppor** 
tunity  of  the  liquor  attracting  any.  Befides  it  is  not 
at  all  material  xvbicb  of  the  nitrous  acids  be  formed^ 
That  a  great  proportion  of  it  is  of  a  highly  phlo^ 
gifticated  kind  is  acknowledged,  and  on  thb  account 
it  is  that  it  fo  eafily  makes  its  efcape,  fb  as  to 
have  deceived  the  advocates  for  the  antiphlogiftic 
theory. 


Mr, 
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Mr.  BerthoUct  fiys,  p.  87,  that  I  fcxplaih  the 
difFei^nce  between  my  procefs  and  that  of  Mr. 
Cavendilh  by  the  difference  of  temperature^  whereas 
no  fuch  idea  ever  occurred  to  me.  It  is  probable, 
indeed,  that  the  heat  communicated  by  the  eledbid 
fpark  is  much  greater  than  by  the  fimple  ignition  of 
dephlogifticated  and  inflammable  air.  But  if  this 
be  the  reafon  why  phlogifticated  air  is  decompofed 
in  Mr.  Cavendilh's  procefs  and  not  in  mine,  which 
I  am  far  from  denying  (becaufe  in  moft  other  cafes 
of  the  eflfedt  of  eledtricity  on  air,  it  feems  to  aft  by 
the  mere  communication  of  heaty  fince  in  moil  other 
cafes  heat  communicated  in  a  different  manner  will 
produce  the  fame  effeft)  ftill  it  is  a  degree  of  heat 
that  is  communicated  in  the  one  cafe,  and  by  no 
means  in  the  other.  As  yet  we  know  of  no  heat 
equal  to  that  of  the  eleftric  fpark,  and  this  may  be 
the  reafon  why  it  is  able  to  decompofe  common 
air,  which  no  other  heat  is. 

He  fuppoies,  p.  8  $,  90,  that  the  experiment  in 
which  I  procured  fixed  air  from  the  precipitate  per  fe 
with  which  he  obligingly  furaifhed  me,  was  by  ex- 
plolions  in  the  copper  tube ;  whereas  it  was  that 
with  the  burning  lens,  a  procefs  totally  different. 
By  the  one  I  uniformly  produced  nitrous  acid,  and 
by  the  other  fixed  air. 

The  precipitate  per  fe  with  which  Mr.  Beithol- 
let  fiirnilhed  me,  he  fays,  p.  9 1 ,  qq^^^^^^  ^  ^^^' 
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fiderable  qvantity  of  fixed  air ;  and  yet  he  allows, 
that  when  admitted  to  lime  water  it  did  not  irnnne** 
diately  make  it  turbid^  which  it  is  well  known  a 
tenth  part  of  the  fixed  air  which  I  [M-ocured  by 
means  of  it  would  have  made  it  infbindy  and  com-* 
pktely  white.  The  turbulency  that  came  on  af- 
terwards muft  therefore  have  had  ibme  other  cauie, 
probably  ibme  acid  of  vitriol  in  the  water  of  the 
trough  in  which  the  experiment  was  made^  and 
which  gradually  infinuating  itfelf  into  the  lime  wa« 
ter  in  his  tube^  would  msksfdmte^  a  thing  that  has 
frequendy  occurred  in  the  courle  of  my  own  ex- 
periments, and  which  for  fome  time  puzzled  me 
not  a  litde. 

The  quantity  of  fixed  air  produced  by  headng 
fubftances  in  inflammable  or  dephlogifticated  air 
with  the  burning  lens,  Mr.  Berthollet  fuppoles>  p. 
93, 1  over-rated,  by  meafuring  it  in  a  heated  veflel. 
But  the  quantity  of  air  was  always  meafured  in  a 
feparate  vcflcl,  and  in  the  very  lame  temperature 
in  which  the  air  on  which  I  operated  was  meafured. 
There  was  therefore  no  danger  of  my,  making  it 
more  than  it  really  was,  and  though  he  lays  it  was 
no  more  than  the  precipitate  per  fc  would  have- 
yielded,  1  do  not  hefitate  to  fay  that  it  was  iftfimtdy 
more,  becaufe  the  precipitate  of  itfelf  yielded  noK 
at  alL 

I  mufl 
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I  mlift  obferve,  that  what  I  have  ufually  called 
Jinery  cinder  (becaufe  it  was  fo  tailed  in  the  furnaces, 
and  I  am  not  fond  of  giving  new  names  to  things) 
Mr.  BerthoUet  always  calls  an  oxide  ofir(m,3nd  he 
alio  calls  majfkot  an  oxide  of  lead,  taking  it  for  grant;- 
edj  that  they  confift  of  diofe  nietals  united  to  the 
principle  of  acidity,   and  he  thinks  that  my  pro*, 
ducing  only  water  from  heating  them  in  inflamma- 
ble air  to  be  a  prefumption  that  no  other  oxic^ 
can  do  any  thing  more.     But  I  have  abundantly 
fliewn,  that  the  finery  cinder  contains  no  acidifying 
principle  at  all,  and  it  is  expelled  from  minium 
when  it  becomes  maflficot*     Thofe  metals  there- 
fore  are  revived  by  inflammable  air  from  this  kind 
of  cabc  without  producing  any  fixed   air,  to   the 
compofirion  of  which  dephlogifticated  air,  or  the 
acidifying  principle  in  it,  is  neceflary. '    He  fays, 
p.  ^6y  that  the  heat  by  which  minium  becomes 
maflicot  cannot  change  it$  nature.     Blit  this  it  evi- 
dendy  does  by  expelling  from  it  a^  its  dephlogifti- 
cated  air,  and  by  this  means  deprives  it  of  its  power 
of  generating  fixed  air;  when  it  is  heated  in  inflaip- 
mable  airw     How;  elfe  jCan;  Mn  Bertholktjexplain 
the  production  of  fixed  air  in  this  procefs  by  means 
of  miniumy  and  not  by  means  of  mafficot  i 

Inflan;imable  air  from  iron,  Mr.  BerthoUet  fays, 
p.  97,  contains  more  or  lefe  of  charcoal  from  the 
plumb^  contained  in  it;  and  that  tHs»  is  tVve 

Vol.  ni.  O  Q  fov«QR. 
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(btirce  of  the  ffa^ed  air  that  I  havt  feiHid  in  flie  de- 

cohipdfirion  6f  it.     But  it  mliy  not  bufly  be  ivafherf 

'  in  Time  iv^ter,  but  t  vcn  be  wholly  3ecompofed  by 

being'fired  together  with  dephlogifticated  air,  with*- 

"Oiit  difcovering  any  fiited  air  at  all,  i<^  that  it  is  im- 

•p6(Hble  tfiat  It  fhoiild  have  contaihed  any.    Alfo 

it  is  Highly  improbable  a  priori  that  ihflamnnable  air 

^m  ij^otr  cdhtains  any  thing  from  fiiunlbago.     In 

all  die  'lbh]d6ns  of  iron  in  acids  the  plumbago  la 

left  uhdijflblved,  and  that  indeed  is  the  only  m^diod 

^by  which  we  can  eftimate  *tlie  tjuanttty  of  it ;  and 

when  inflammable  air  is  procured  "from  iron  by 

-^heaiis  of  fteam,  the  cafe  is  ho  doiibt  the  &me  > 

becauie  the 'inflammable'^  procured  "m  fbis  man^ 

tidr  appears  in  all  'eicperimelits  to  have  the  &me 

^'mperti^  widi  that  #hich  is  prbcured  t^  meari^ 

of  acids.    I  always  \}BA  tfie  purdt  rtiblleable  irM» 

till  I  found  that  there  vm  ho  diffefeitte  "wkafevttr 

between  tile  air  procured  ifbtn  this,  -VM  di^  frtfih 

caD:  iron  by  lAeaiis  bftbtmu    liiad  pMmhi^  itjA 

'  entered  into  the  ii)fiamMlA>te  air,  tHcite  niyft  Bsv^ 

been  a  grdattr  Quantity  <»f  it  in  dutt  fiKn  cift4rdki 

dtthfiotn  tHe  rfaaDdibk,  ^iu!e  the  JRktner'cdMH&ft 

£0  mtich  niore  {dtimblgoi 

M.  BeithbUec  objefts  to  hiy  bBib^ttony^Otte^di^ 
we^t  of  dM  liquor  whidi  I  pttdMA  ^^in  'die 
decdttpofidon  of  dephlogifticated  land  iifflitnitiiibfe 
airvne  nevereqtial  10  die  yf^f^  -bf  dft  iar,/^*Qndi 

4  ^^iflti^dice 
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difitrence  I  account  for  by  the  efcape  of  the  phlo- 
gifticated  acid,  becauie  I  took  no  account  of  the 
tefiduum  of  the  air  in  the  veffel  in  which  1  made 
•the  explofions.  But  if  he  reads  my  paper  with 
'hiore  attentton,  he  will  find  that  I  did  not  overlook 
this  circumftancei  fince  I  meafiired  the  c&padcy  of 
the  veflel  by  the  quantity  of  air  that  aduaUy  dit- 
appearedj  by  having  been  completely  decompofed  in 
the  procefs  j  fo  that  there  was  no  occafion  what- 
fever  to  take  an  account  of  the  air  that  was  not 
afiedbed  by  it; 

Thelc  are  all  tlie>dbje£)ions  that  I  haVe  ^et  heard 
k>  diedodrine  Qifhlogificn.  The  reader  wiil judge 
of  the  force  of  them,  4md  alio  of  my  replies.  As  J 
have  been  more  than  once  upon  the  point  -of  ahan^ 
doning  it;  and  in  my  Jixth  volume  actually  declared 
in  favour  of  the  decomf^tim  (f  watery  I  Aould  im^ 
feel  much  reiu£baiice  ^o  adopt  the  new  doSriM,  pr9-< 
Vided  any  new  and  ftronger  evidence  be  produced 
for  iL  But  though  I  have  given  all  the  attention 
that  1  «afi  to  the  cxperimenfts  <>f  M.  L-avoifier,  &t» 
i  think  that  ^cy  ^cteiiit  <^  die  calicft  ^espkaniMkai  on 


Oo  ^  K^'^^- 
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ARTICLES   OMITTED. 

t 

Jh  the  New  Arrangement  <ff  the  Materials  of  Six  V(f' 
.    hmesi  il  will  not  he  thought  extraordinary  that  a  few 

Omiifions  fhould  be  made,     ^he  following  are  aU 

thai  1  have  obferved. 


^^-  ■  - 


f^oL  I.  p.  128,  after  the  laji paragraph^  add-^ 

LASLTY,  I  would  obfervc  that  Sir  Wm.  Lee 
was  lb  obfigingas  to  communicate  to  me  a  very 
ufeful  difcovery  of  his,  viz.  to  keep  fie(h  meat  a 
long  time  fweet,  even  in  hot  weadier,  by  frequently 
waihing  it  ^th  water  impregnated  with  fiiced  air^ 
as  is  pardcularly  related  by  himfelfj  in  the  Appendbc 
toVol.IL  p.  461; 

Vol.  IL  p.  347,  after  the/econd  paragri^h^  aid — 
.  Heater,  probably^  and  alkaline  air  certainty,  re« 
quire  the  £une  quantity  both  of  latiiolic  acid  air/ 
and  of  fliior  acid  air,  to  faturate  them.  Water^  I 
have  oblerved,  imbibes  about  ten  times  more 
marine  acid  air  than  it  can  of  vitriolic  acid  ain 

In  order  to  try  the  power  of  water  to  imbibe 
fluor  acid  air,  I  put  fix  grains  of  water  incaa  fmall 

glafs 
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^&  tube,  dofed  at  one  end,  into  a 
acid  air,  and  ieven  grdns ,  of  'water  tc 
of  the  feme  air.  The  former  imbib 
meafure  of  the  air,  and  the  latter  twt 
fures.  This  wa?  in  a  wider  velTel, 
probably  an  advantage  with  refpeift  u 
tion  of  the  air.  This  abforption,  how 
certainly  greater  than  in  the  c^fe  of 
air,  is  fer  fhort  of  the  quantity  that  woi 
imbibed  of  marine  acid  ^r ;  and  I  aft( 
that  the  jf«w  cruft  itfelf  imbibes  a 
quantity  of  this  acid  ^r;  fo  that  il 
chat,  exclufive  of  this  abforption  by  tl 
the  water  might  not  have  imbibed  i 
than  it  would  have  done  of  vitriolic  aci 

3id,  p.  349,  after  the  title  of  Sel 
The  mixture  of  any  other  of  the  a 
alkaline  air,  makes  fo  beautifiil  an 
di^  it  was  naturally  one  of  the 
thought  of  making  mth  this  new  ac 
cordingly,  I  got  the  appearance  that 
cd  i  a  white  cloud  being  formed  by 
the(e  two  kinds  of  air.  But  the  alkali 
mix  fo  readily  with  this  as  with  the  c 
acid  air ;  and  which  furprized  me  mu 
the  fait  formed  by  the  union  of  thcfc 
air  was  not  foluble,  either  in  %atiet  Q 
Oo  , 
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Jha,  in  iaftji  the  proper /oA  formed  by  the  unioa  of 
theie  kinds  of  a>r  was,  no  doubt,  diflblved  ii> 
0ie  water ;  that  which  remained  undifTohred  being, 
as  I  conje&ure,  the  Jl$ny  Juifiance  only  which  had 
been  held  in  fidution  in  the  acid  air.  This  ftony 
Jubftance  being  mixed  with  the  acid  air,  is  alio  pro- 
b^y  dir  reafoR  why  the  alkaline  air  does  not  mix 
lb  readily  with  it  as  with  the  other  kinds  of  acid 
air  J  fome  time  being  requifite  to  difengage  it  fron> 
this  ftony  fbbftance*  in  order  to  its  uniting  with  thp 
aBealine  air. 
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A«    ALPHABETICAL 

INDEX 

TO  All,  THE  THREE  VOLUMES. 


Jf .  B.  The  Roman  figures  denote  the  veluna,  and  the  other  tbe 
ft^i.  When  no  volume  jg  cipngied,  the  6x&  volume,  or  tkc 
volume  Uft  mentioned!  >>  to  be  upd^ooi^ 


ACBWVS/ermenlatioH,  fixed  lir 
**    produced  in  it,  ii6 
AdJ  airi,  all  the  kinda  of  them 

mixed  with  fixed  air,  3%j 
Jtci^ij  ab(orb  nitrous  air,  jSi;  im* 

gregnated  with  lutrous  vapoi^^ 

Ui.  144 

Jer'mtfirmqf/t^axa,  djflicul' 
t^CB  concerning  it,  u.  401 

Atr,  former  difcoveriei  relating  to 
it,  j;  in  the  hollow  parts  of 
plants  ii.  101;  in  lea  weed,  iii. 
375;  produced  rapidly  or  Oow- 
]r,ii.4]S;  kindsofittbathave 
no  mutual  a^oo  mixed,  441 1 
expanded  bv  heat,  448;  thei/ 
fpedfic  gnvity,  451 ;  found  ii^ 
t^em,  4j  3  ;  coodudors  of  heat, 
4J7i  ^hfiif  refraftivc  power, 
460;  in  tbcUaddcn  oTfifliei, 
jfi^;  eroofed  to  urine,  46J 


mafciDK  nitrons  aad,  iiL  1 ;  a^ 
foibedb;  the  wijlow  plant,  sjij 
extracted  from  charcoal,  4161 
the  elemcnta  of  which  all  the 
kind*  are  compolcd,  5^1 
jUIio^  eaufikf  ablorbs  nifroui  air. 


u.  368  ( 
hit,3j»» 
It  of  air, 

rriwltb 

I  Bghtet 
iKdfritli 

%rnmd 


U>  >t,  356,  398  ;  mixed  iri&  tip 
....        triotlc  add  air,  ii.  31. 
metals,  46^  ;    -^wt,  air  from  it,  33 


fuppoftd  M  be   contiuued  ii^    AmTnoiuact  nitrstu,  formfdby 
mcri^ury,  471  (  not  ablbrbcd  in        titnU  ■i't  39^ 

O04  .      ^ 
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Afiimalfubftancesy  ^r  froiQ  them 
by  heat>  94 ;  how  affeded  by 
fpirit  of  nitre,  iii.86 ;  ptxxiucing 
green  vegetable  matter,  323. 

Apparatus^  for  experiments  on  air, 

1%     ' 
Aqua  lUgia,  a  new  kind  of  it,  iii. 

151 

Argandy  f/Cc^  his  lamp  recom- 
mended, "41" 

Arfemcy  inflammable  air  from  it 
by  heat  and  fte^ih,  204 

AJheiy  attraA  fixed  air,  137 

-'—  ofpU'CoaU  air  fix)m  them,  91 ; 
of  wood  do.  90 

Atmofbberical  (dry  by  what  pro- 
^nes  not  injured,  ii.  1^9 ;  by 
-what  it  is  iinlured*  ^03 ;  by  h-on 
>  and  fulphur,  &c.  203  ]  by  nimes 
of  charcoal,  206 ;  by  calcination 
of  metals,  309;  by  putrefadion, 
216;  by  calces  of  copper  and 
Jron,  2^9;  by  vapour  of  mer- 
bury,  225;  by  bils,  2275  by  oil 
of  ti^rpentine,  232;  by  fpirit  of 
nitre,  ^36;  by  water  fircftdif- 
tilled,  2431  by  flowers,  247; 
bytheelei^ic  fpark,  248;  by 
putrid  marOies,  *53  5  by  inflaiiH 
mable  air,  266;  its  purity  in 
dtflferentcircumftances,  259;  re* 
itored'  by  vegetation,  iii.  2479 

BailoottSf  the  cheapeft  method  of 

filling  them, '29 1 
Ba/altej',  air  from  it,  64 
Batff  watery  air  from  it,  59 
Beknintie,  air  from  it,  78 
SiUy  imbibes  nitrous  air,  39^ 
Blaeky  Dr.   his  difcoverieft  pon- 
^  earning  fixed  air,  4 
■     '      '  \' powder  frpfn  merctarjy 

>M-  43»  , 

flfddery  air  adtiAg  through  it,  1 74, 

«&383       '  .    V 


Bloody  air  from  it,  99;  ufe  of  it. 

•  ••  A  ■ 

m.  348 
Bonejy  air  from  them  by  fteam^ 

300 
BoyUy  Mr.  his  difcoveries  concern* 

"lngair,'3 

Browningy  Dr.  his  qbfervations  on 
air  in  Fyrmoiit  water,  4 

C 

Calces  of  metaJjy  imbibe  inflam- 
mable air,  248 ;  revived  in  al- 
kaline air,  256$  air  from  them, 
ii,  469  ' 

Calcinati^  of  metaUy  injures  air, 
ii.  209, 219 

Candlejy  the  burning  of  them  in- 
jures air,  ii.  213 

Carotsy  inflammable  air  from  them, 
211 

Canjendtjhy  Mr.  his  difcoveries  con* 
cemingair,  5 

Chalky  air  from  it,  72 

Cbarcoaly  air  from  it  and  finery 
cinder,  204,  297;  abfbrbs  i^' 
flammable  air,  223 ;  air  frt>m  it 
by  fleam,  284 ;  heated  in  ni- 
trous air,  ii.  38  $  fumes  of  it  in- 
jure air,  206 ;  heated  in  dephlo* 
gifticated  air,  iii.  377;  its  con- 
ducing power,  ill.  396 ;  its  ex* 
panfion  by  heat,  410  $  air  froqi 
it,  and  imbibed  by  it,  414 

■■  ■  _  ''  ■  of  metals,  iii.  425 ;  of 
copper  heated  in  dephlogifH* 
caCed  air,  ^649  iii*  377 

Gptoy  Mr.  his  difcovery  concern- 
ing the  rednefs  of  the  blood, 

111.  zs^ 
Cla/y  air  from  it,  71,  80 
Qwa/y  ofttUre,  air  from  it,  352 
ikflky  air  from  ifby  fleam,  303 
Coalpits  flate  of  the  air  in  it,  70 
Comfrej,  growing  in  inflammable 
!  air,  iii.  337 

Omduaing ^owery  of  certain  fub- 
'  ftanees,ui,  513        , 
Coppefx  the  firijig  pf  paper  dipped 
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in  a  fdludon  of  it^  iH.  203 ;  calx 
of  it  heated  in  inflammable  air, 
•  489 ;  iblution  of  it  in  fpirit  of 
nitr^  expofed  to  a  continued 
heat,  5*y,  5*9 
Gopperoj^  air  from  it,  85 

D  r 

Depblogifiicated  airy  enters  into  the 
compolition  of  fixed  air,  145 ; 
the  difcovery  of  it,  ii.  loa;  pro- 
duced by  fpuit  of  nitre  and  the 
c^x  of  lead,  lao;  from  various 
kinds  of  earth,  ia8;  from  vitri- 
olic acid 'and  the  metals,  141 ; 
do.  and  other  fubftances,  149 ; 
Jfrom  feyeral  mineral  fubftances, 
Z54;  combuftion  and  refpira- 
tion  in  it,  i6o(  great  purity  of 
it,  170;  procured  in  lai^e  quan- 
tities .from  nitre,  173;  white 
matter  depofited  from  it,  178; 

,  plants  growing  in  it,  iii.  ^^6'y 
quantity  of  it  confumed  in  re- 
ipiration,  375;  emitted  from 
gr^eeo  vegetable  matter,  %%% 

J}epbhgtfiic^ed  nitrous  ahy  the  dif^ 
covery  of  it,  ii.  54;  from  the  fo- 
lutioQ  of  metals  in  nitrous  acid, 
58;  by  iron  filings  and  fulphur, 
70;  by  i^on  in  ^^ Solution  of  cop- 
per, 76;  feparated  from  phlo- 
giftioated  air,  81 ;  <;onyerted  in- 
to dephlogifticated  air,  89 ;  its 
conftitution,  97 

Detonationy  explained,  ii*  i8j 

Dimng  roomsy  ^ate  of  the  air  in 
thern^  ii.  264 

Duck  tweedy  'm  inflammable  air,  iii» 

357       .     . 

.      .     E        ' 

Eleffricjparky  in  fixed  air,  112;  in 
nitrous  air,  ii.  22;' in  dephlogif- 
ticated  nitrous-air,  915  incom- 
inon  air,  248;  in  marine  acid 
air,  293;  in  vitriolic  acid  air, 
323;  in  alkaline  air,  389;  in  va- 
ripus  liquids,  iii.  ^08 


Sthery  inflamn 
cle^icity,  i 
faturated  wi 
ii.  286;  imp 
trous  vapour 
experiments  • 

■ 

Finery  tindery  a 
coal,  204}  ^9 
ments  r^latin 

Fi/besf  their  re 
in  water  in^p 

.  ed  air,  386; 
ders,  ii.  462 

Fixed  airy  watei 
it*  43;  prefer 
564;  dlredtio 
48 ;  fatal  tp 
vegetables,    : 
fpark  in  it, 
proved,  119; 
ter  by  boiling 
of  water  fatU] 
how  aife&ed  1 
fulphur,  1 21 ; 
Sncoiporated 
expofed  to  he 
of  deception  f 
tained  in  watc 
fermentation, 
mice,  127  ;  ^ 
it,  129 ;  proc 
acid,  133;  fro) 
Z36;   from  t 
142;  compofi 
cated  air  and 
iii.  377  J  by  h 
pontainmg  ph] 
gifUcated  air, 
ftances  contai 
cated  ^r  in 
X67 ;  not  com 
&c.  172  5  pre 
mable  or  nitr 
dephlogifti?at« 

bladder,  X74 


w* 
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lervcA  l?y  V^tcr  inapi^egiwitcd 
wi1*k6pc<fda^r,iii.564 

jPlttor  acU  air%  the  4*^pafcry.  of  it, 
ii.  339  5  water,  faturated  with 
it,  1^4*  ;  the  conilitution  of  it, 
349  ;  variooefuhilkaiicaecxpio&d 
^  it,  353  \  mifcelkneoiis  ex- 
penmenta  on  it,  363 ;  corrodes 
ilafs  in^ien  hot>  366;  miaEcd 
wkh  alkaMne  air,iiL  565 

fWw*fiw,  Dr.  his  letter  on  the  w- 
ftoratioD  of  air  by  vegetation, 

m.  169 
firezingr  of  wMer  imf^Cgnated 

with  vkrioKc  acid  »r,  359 
l^wtJt  taBaaunaMe  air  from  than, 

G 

bffff  30  usneceiT^  term,  9 

Qraaite^  ajac  from  it,  67 

i^xx»s  v^etiahk  matUrt  giving  pure 
^,  Ui.  %|la  ji  its  natural  hiftoryy 
306 ;  from  vegetable  fuhftan^es 

.  mwa;tcr,3^»>  fr<W  animal  fub- 
fta^ces,  aaa 

,  ^  dll^rent  kinds  of  air,  \iiu  205; 
livboion  (ixpilar  tp  iti^  20^ 

Jl^i^/^pr.  hi|  di(boven?8  concern, 
in^  air|  5 

.|lf0/,  its  £ffe As  q!\  diferent  kinds 
'  o^air,  ii.  4^2  {  )ipw  conduced 
by  t)iem,  457 ;  lonz  cof^nued 
experiment  >tftnit,Tii.  4^6 

IBfimnti  Fang  ^s  ^gicqveiie^  con- 
cerning air^  % 

fl?if-W<j»  W?  af  tfec  a^r  in  tb^^f 

/<#,  in  marine  acid  air,  ii.  %^ 


it,  ig^;  from  fielaK  i^s  ^ 
fe^  coynnaoai  ajit  in  its.  uiio^fit 
ftaiie,  i^.;  fropn  oUt  195$  4p* 
of  turpen^n^  ]^9»S,  a»^  |  from 
various  fubftaof^  by  hjeat  in 
water,  oop ;  4^  pu(i:dying  in 
water,  206 ;  iA  mercury,  216  ; 
abforbed  b^  charcoal,  223 ;  pu- 
tre&dson.  in  it,  224  ;    plsUit«^ 
growing  in  it,  ^24 ;  wa^er  im- 
pregnated with  it,  225 ;  animals 
dying  in  it,  •'229 ;  changed  by 
ftanding  in  water,  230;  the  dec- 
trie  %>ark  in  it,  232  ;  dilferent 
iioMli  of  it,  233  ;  decompoled 
in  hot  fitnt  glai)  tubes,  234 ;  (ol* 
phurated,  241  \  imbibed  by  the 
cakes  of  metals,  24^ ;  fnlphur 
produced  by  mean&ofit,  264  ; 
php^hovus  do.  269  ;  mtrous  air 
do.  263 ;  contains  water,  266  ; 
from  charco^  and  iron  by  means 
of  fteam,  280;  from  bones,  300; 
from  zinc,  301 ;  from  coak,303| 
the  phlogifton  contained  in  it 
compared  vnth  that  in  mtrous 
air,  %cs  ;  analyfis  of  difiereiii 
kinds  of  it,  30S;  burned  with 
Dttrous  air,  40^ ;  how  it  afleds 
common  air,  ii.  266  ;^  from  al- 
kaline air,  389  (  fired  in  the  ya^ 
povr  of  nitrous  add,  isL  xy7 ; 
-  from  iron  iD  its  difiiiient  ilates^ 

4911 

, /lA^flTtftod^  241 

Iron^  axpwa  to  fiswd  air,  129  % 
'  inJkiRimable  air  from  it  byL 
fleam,  288  ;  heated  in  nitrous 
•  air,'ii.  38,  49;  procunag  dc^ 
phlo^iflicateft  nitrous  air  by  a 
folution  bf  copper,  76 ;  that  has 
bsoquied  |9  ditmiQi  pitroos 
air,  93;  vjiriojis  e^perimeiita 
r^tatine  to,  if,  iii.  4lki;  hrated 
i^  depVog^tk^t^  ^  4iy  in- 
flaBii9wb]e  w  from  it  in  dilfcr- 
f  Dt  ft<(tfi%  4«l  I  wmcafec),  4V  » 

pre- 


,  JrenjSBi^  aitd/ijpbw,  in  fixed  air, 
.HI)  «r  m>m  it,  1841  dimi- 
■ift^  dtmui  air,  ii.  (  ;  pro- 
dupM  dephlodlticated  Dkroui 
air,  71;  alfcSs  conuiKin  air, 
^03 


t,  8ig.  bisobrcmtioiMon 
Tolcank  fires, ii.  158 
Lane,  Mr.  h»  dilcovery  concern- 
ing water    inpregDatpl    witf) 

Lava,  tit  fhun  it,  64 

I/moifier,  Mr.  Iub  tbeorf  COnSdcfT 


ed,i 
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iftuf,  tuhite,  air  from  it,  H 
^,  A>  fTm.  his  account  of  i^k- 
fcrving  flrfli  meat  by  water  im- 
pregnated with  Bxed  air,  iii. 

Light,  itseffcA  on  pbIogiA>oat«l 
nitrous  vapour,  iii.  ixS  ;  iti  in- 
fluence on  the  produAioa  of 
pure  air  from  plant*,  393 

Ixmeftmr,  air  Irom  it,  71 

'Uveroffuhbiir,  produce*  dephlo- 
giitlcated  nitrous  air,  ii.  73  )  in. 
jures  cDnunon  air,  aoj 
H 

Xacbride,  Dr.  his  obfemtiani  on 

'    fixed  air,  4 

MSanganeJe,  atrfrom  it,  Ei.  IS*  %  by 

■   fteam,  i.  303 

Marhie  atid^  its  cohittr,  lit.  to8 1 
dtfchai^ed,  3*1 ;  Tsrioiu  ftib- 

'  fiances  (aturated  wtth  ft,  315 ; 
eHcft  of  continued  heat  upon  it, 
9*7  ;  dephlogifticated,  335  ;  the 
eledric  fparic  taken  in  it,  iii. 
509 

MtfAeaaJair,  the  difinrery  of 
it,  ii.  3T5 ;  its  eSeOs  on  fiib- 
Itanoa  timtnmat  pUogtton, 
i»lo  (  on  fubSancea  cqatuwog 


tga  extjagvilhes  FlaiBe,  1931 
the  ele^c  Qpark  in  it^  ibid. 

ISta-Jbei,  ftitfidy,  i^jwv  coDimoit 
air,  ii.  1J3 

ita^Ml,  beated  'm,  iailaminaWe 
air,  iii  5^0 

iltrcury,  fomc  appearances  ia  the 
fohition  of  it  eiskined  by  f\- 
troua  air,  403;  the  va^ui  otit 
injures  common  air,  it.  iij ;  die 
air  fuppo&d  to  be  cont^ned  in 
it,  471;  in  vapour,  condufta 
elci^riclty,  iii.513 ;  tiiefoluttoii 
of  it  expoied  to  continued  beat,  . 
jii;  agitated  in  water,  446; 
W  Tpirit  of  wine,  41J  j  in  acid 
liquon,  461;  its  three  ftates, 

.  4j6  ;  liow  a^Aed  by  long  agir 
tation,  464  ;  its  great  voUtilityt 
470 

l&ratry,  fbe  ilatifewder  Jrttm  it 
eutdiead,  iiL  431)  air  Jromit, 
i.  iji 

itetah,  titilaniinabteairft-oditbem, 
1811  the  charcoal  of  tho^  iii. 
41J  ;  the  proportion  of  pUo- 
gifton  it)  each  of  ttlein,  t.  }j8 

Mice,  obierratioaB  concarning 
them,  >7  ;  air  yidde^  b](  tham, 
97,  ri7  ;  by  putidymg  iq  siiep- 
cury,  319 

iUuvro/yic^ffUu,  itf  froaqthfia 
by  heat,  63 

Mimam,  impregnated  wUb  nitrona 
V|qwur,iit.  167;  itaaqtouE,  bow 
affeded  by  beat,  33  r 

Mfffidttuh  air  from  it  jf 

Mmge,  Mr.  bii  oUervaMeqc  on  the 
cleAric  igtA  m  fiwd  Wk  116 


-fonnatloD  ot  it,  iSj ;  mjiirea 
air,  140 
mtniui  ad4>  conyertible  intq  fixed 
aic,  li^i  yicidt  pure  vf,  iL 

>30» 
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,i%Of  12% ;  the  vapour  of  it  in- 
jures  aiTy  %s6 ;  abforbt  nitrous 
air»38»:  produced  bydecom- 
|>ofing  nitrous  air  and  dephlo. 
gifticated  air,  sS  ;  obfeirrations 
on  the  procefs  for  making  it, 
ill.  I ;  its  different  colour  and 
ftifWJgth,  99 15 ;  the  phlogiftica- 
tion  of  it,  31 ;  compofed  from 
dcphlogifticated  and  inflamma- 
ble air,  42  ;  its  a^on  on  veget- 
able fubftances,  65 ;  on  animal 
fubilances,  86  f  inflammable  aur 
fired  in  the  vapour  of  it,  iii. 
177 ;  mixed  vrith  vitridUc  acid, 
184 ;  mifcellaneousexpeiiments 
on  it,  203  ;  the  eledri^  fpark 
taken  in  it,  409  ' 

Nitrous  air,  how  mixed  with  com- 
mon air,  a6$  formed  from  in- 
flammable air,  2633  the  phlo- 
gifton  in  it  and  inAammable  air, 
305  ;  the  difcovery  of  it,  328 ; 
the  quantity  of  it  irom  different 
mctMs,  330  ;  from  galls,  334 ; 
from  vapour  of  fpint  of  nkre 
and  water,  335 ;  the  quantity 
of  kincreafed  by  the  aad  being 
previot^y  converted  into  va- 
pour, 341 ;  from  phlogifticated 
nitrous  add,  347  ;  a  teft  of  the 
purity  of  air,  354;  oldandfreih 
toad<i  compared^  3  63 ;  water  im- 
pregnated with  it,  364  s  abforb- 
ed  Sy  oils,  37a ;  by  alkalis,  378; 

•  byfpiritof  wine,  380 ;  byaqids, 
^81 ;  its  antifeptic  power,  391^ 
imbibed  by  Inle,  396 ;  forms 
hkrous  ammoniac^  '39^9  ^x* 
plains  Ibme  appestrincefr  in  the 
folution  of  mercury,  402 ;  the 
frceung  of  water  impregnated 
ynth  i^  407 ;  burned  with  in- 
Banunable  air,  408  ;  plahts  and 
aninuls  init,  409;  recommehd- 
.ed  to  be  vied  in  glyfters,  41a; 
diminiihed  by  (landing  in  wa-- 
tcr,  ii;  x ;  not  aife^d  by  ftttai. 


5 ;  diminifhed  by  iron  filings 
and  fuiphur,  6  ;  by  a  Iblatioa  of 
green  vitrid,  8,  20;  by  char^ 
coal,  x8 ;  by  long  Handing  in 
water,  i6.  by  pyrophorus,  19 ; 
by  the  dednc  fpark,  22 ;  pro- 
duces nitifous  add  wkh  dephlo- 
gifticated  air,  28 ;  contains  wa- 
ter, 34  ;  iron  heated  in  it,  38, 
49 ;  produces  vi(|iatile  alkali,  41 ; 

,  its  oonftituent  prindples,  46; 
contains  no  nitrous  add,  47  $ 

.  p)rrophoru0  fired  in  it,  50  ;  dit 
minified  in  a  Uadder,  iii.  388 

Nitrous  airf  depblogifiicatedy  ii«  13  ; 
heating  iron  and  charcoal  in  it. 

Nitrous  vapouTf  ^Ipgifiicaiedf 
makes  pitrous  air  with  water, 
335>  341;  how  produced,  iii, 
IOC ;  obfervations  on  it,  11^ ; 

.  imbibed  by  animal  oils,  xo6 ;  m- 
fluence  of  light  upon  it,  126 ; 
water  impregnated  with  it,  129; 

.  oil  and  fpirit  of  wine  impreg- 
nated with  it,  X36;  adds  do. 
X44 ;  oil  of  vitriol  do.  X56 ;  fo* 
lid  (iibftances  do.  165 

Notftbf  Dr,  his  method  of  impreg* 

. .  nating  water  with  fixed  air,  $$ 

O 

Odours f  do  not  aflume  the  foira 

•  c^  air,  ii.'4o6 

Oill  inflammable ,  air  from  it  by 

•  dedridty,  i$5  ^'abfi>rbs  nitrous 
air,  372;  injures  common  air* 
H,  227 ;  im^gnated  with  phlo- 
giiti2ated  mtrous  vapour^  iu.  13^ 

<— -,  ammali  imbibe  phlogifticat- 
ed nitrous  vapour,  lix,  xo6 
Qnio^fj,  inflammable  air  from  thcni* 

P 

ParkeryMc*  his  mcritin  coaStmSb^ 
■    ing  burning  len'fes,  173 
ParMps^  ,  inflaamuible   air  from 
themtaix 


INDEX. 
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Per/piratiofif  ddn  not  injure  air, 
ii.  19a 

J^MogifticateJ  airyOhCftvatxons  con- 
cerning ity  ii.  x88 ;  effe^  of  wa- 
ter upon  it»  271  ' 

PkhgiftoHf  in  fixed  air>  145,  iii. 
377;  the  proportion  of  it  in 
inflammable  and  nitrous  air,  i. 

.  305  ;  the  dodtrine  of  it  defend- 
ed* iii.  540 

Pboff  boric  acid^  obiervations  on  it, 

.  ill.  240 ;  the  eledhic  fpark  in  it^ 
510 

Pbofpborusy  heated  m  dephlogiftl- 
cated  air^  170;  produced  by 
inflammable  air,  a6z 

PJanijy  in  fixed  air,  lot ;  in  in- 
flamoiable  air,  %%4 ;  in  dephlo- 
gifticAted  air,  iii.  276 

Precipitate  ftrfe^  heated  in  inflam- 
mable air,  168 ;  formed  by  de- 
phlogifticated  air,  ii.  185 

PringU^  Sir  Jobtiy  letter  to  him 
concerning  putrid  marfiies,  ii. 

Prufiian  bhe^  heated  in  depMogtf- 

ticatedair,  z6o 
PutrtfaStion^  injures  air,  ii.  216 
PjrofboruSf  in  nitrous  air,  ii.  50 ; 
injures  conunon  air,  206;  im- 
bibes sur,  iii.  4%3 

R 

itaMcalwugttff  air  from  it  with 

•   whiting,  u.  153 

Re/jfirationf  experiments  on  it,  iii* 
348;  offiflies,  38ft 

Rowley  raff  air  from  it^  66 

Ru/Hngt  of  metals  in  air,  ii.  z86 

S 

Saline fubjiances J  air  from  them^  8t 

Sclnjbuf  air  from  it,  70 . 

Sea  weedy  air  contained  in  its  blad- 
ders, iii.  a  79 

Seltzer  <afaterf  obfervation*  on  it  at 
at  the  well,  6a 

Spirit  rfwnei  inflammable  airfrom 
it  by  cleftridt^,  197  5  by  heat> 
aoo;  abforbs  nitrous  air,  380; 


not  con^iertible  idttf  i&r  by  boil^^ 
ing,  ii.  405  ;  Impregnateid  with 
phlogifticated  nitrous  vapour, 
iii.   141 ;  mercury  agitated  in 

it,  455 

Steam,  its  a^ioA  on  various  fub^ 
fiances  by  heat,  301 ;  air  ex^ 
pofed  to  it,  ii.  aoQ  ^  its  condudl- 
ing  power,  iii.  51a 

Steatitesy  air  from  it,  76 

Steely  air  from  it,  iii.  500 

Stones y  air  from  them,  77 

Sugary  air  from  it,  90 

Sulphury  inflammable  air  from  it 
bv  fteam,  203  ;  in  marine  acid 
air,  ii.  283  ;  formed  from  vitri- 
olic acid  air,  333 


Tartany  air  from  it,  87 

Ternuy  obiervations  on  the  ttfe  of 

them,  8 
Terra  fonderofay  ufed  to  prove  the 

pretence  of  water  in  fixed  air, 

130 
7*^^917,  obfervations  relating  to  it^ 

iu-  533 
7m,  in  fpirit  of  nitre,  ii.  65 

Toad/ioney  air  from  it,  67 

Turlitb  mineraly  heated  in  dephlo- 

gifticated  air,  269 
Tumi^y   inflammable   air    friom 

them,  aia 
Turpentine^  J^irit  ofity  air  from  it 

by  eledricity,  198;   by  hea^ 
,  flox  \  inflammable  air  in  it»  %9Xi 

abibrbs  air,  ii.  a3a 

U 

Vriney  air  frt>m  it,  98  ;  its  efiedts 
on  inflammable  air,  &c.  469 

V 

Fap9itry  how  diftioguiflied  from 
airy  II 

Vaty  fermentingy  thfe  air 'incum- 
bent upon  it,  44         .      .    ' 

Vegetable J[ubftancesy  how  affeAed 
oy  fpurit  of  nitre,  iii.  65 ;  pro- 
duce 


m 
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duce  ireen  mattcf^  $13;  aif* 
from  tben^  87 

Vegetables^  in  fixM  aii;,  loi ;  in 
d«iM€)giilicated  air,  Hi.  276 

Fegetatiofif  reftores  air  injured  by 
cofflbuftiony  iii.  247  ;  by  putzt- 
fkdion^  %S5 

Vinefar^  mercory  a^pitated  in  itf 
iii.  461 

*— — ,  radicaJf  itot  convertible 
into  air  by  boiliflgy  ti.  40a 

Vitriol f  greeny  a  folution  of  it  di-^ 
mimmes  nitrous  air,  ii.  9* 

*VHridhted  tmrtaPf  air  from  it»  8ft 

FitrioHctKulf  fixed  air  from  It,  14a; 
yieidspm^air,  141,  149  ;  from 
vitriolic  acid  ^r,  ii.  330;  im- 
pregnated with  nitrous  vapour^ 
iil.  156 ;  mixed  with  nitrous 
acid,  184 ;  the  dedric  tpaaik 
taken  over  it,  tii,  509 

Flirialic  acid  air^  the  difoovtry  of 
it^  ii,  a95  ;  froinineteU,  301.; 
wirter  imprecated  with  i^  30  7  ^ 
compared  with  marine  add  air, 
JI3;  mixed  witli  aRodine  aic, 
3x4}  with  other  kinds  x>f  air, 
3 16-;  fubftances  corifaimng  phlb^ 
gifton  eimofed  to  it,  3x8 ;  the 
Qefiric  i|MErk  In  It,  3^39  tfli.  4*70; 
converted  tiito  vitHcftc  acid, 
^toi  the  frccnBiag  of.  water  inv- 
pregnated  with  it,  350 ;  do.  bx- 
l^a&l  to  aooAmned  Iieat,m. 

fiimUktfifth  Iw^  iopportcd^  63 


W 


Wady  Blacky  air  from  it,  ^6 
Watery  the  ftate  Of  air  in  it,  s^i 
nece<rary  to  inflammable  air/ 
a66 ;  impregnated  with  nitlowr 
air,  364  ;  nece^lltry  to  nilitMis 
air,  u.  34  )  necef&ry  to  the  de- 
comp&fitiofl  of  nitrous  air  hy 
iron>  98 ;  iimpregfiated  with  vi- 
triolic acid  air,  307 ;  yix^  tuor 
acid  air,  34a  i  with  alkaMne  a^ 
37* ;  with  phiogifticated  nitrous 
vapour,  iii.  129  i  freih  diftilled 
injures  itir,  ii.  34^;  its  dkSt'iM 
phlogifticiEUted  aar,  271 ;  9t8  fer- 
ine conv^rfipn  into  air,  407 ;  of 
Ule  In  *fert9tzing  meadows,  iiiw 
305 1  fRercury  agitated  in  it,r 
446 ;  the  quantity  of  marinef 
acid  air  and  vitriolic  add  air^h^ 
<:eiiary  to  latunite  it,  iii.  564 
WeigttSy'^ieA,  in  thefe  experimciits^ 

f¥bitt  tPntfttrffOBX  vLcptuifgtniCBXcoi 

air,ii.  178 
WUhwfkmty  ^Mbl^^,  ft.  531  \ 

its  growth  m  MereirtlciiiaB  ii 

4 

Tincy  inflammable  air  tiromit  and 
fulphut^  i86|  aif  from  it  faqr 
fteam,  30Z  |  fa^  ^rit  cf  atot^ 
iu^o. 
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16.  A  Defence  of  the  Dodtrineof  MtcESMXT,  in  two  Letters 
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17.  A  Leu 
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iS.  LsTTBRS  to  a  Philosophical  Unbbl 
Containing  an  Examination  of  the  principal  Ol 
Doctrines  of  Natural  Religion,  and  efpeciallythofe  ( 
Writings  of  Mr.  Hume,  38.  few^d. 

19.  Additional  Letters  to  a  Philosop 
LXBVER  in  Anfwer  to  Mr.  William  HammoNi 

fto.  Letters  to  a  Philosophical  Unbelu 
Containing  a  Stat«  of  the  Eviaence  of  Revealed 
Animadveriions  on  the  two  laft  Chapters  of  the  1 
Mr.  Gibbon's  Hiflory  c/tbe  D^dine  and  Fatt  of  the  Roi 

N.  B.   Ibe  fwo  preceding  Parts,  bound  together,  \ 
21.  A  Harmony  of  tlie  Evangelists  in  Gre* 

are  prefixed.  Critical  Dissertations  in  £ngli( 

boards*  178.  bound. 

li.  A  Harmony  of  the  Evangelist  in  EngSj 
and  an  occafional  Paraphrafe  for  the  Ufe  of  the  U 
wbicii  are  prefixed.  Critical  Diflertations,  and  a  Le 
fhop  of  OITory,  4to.  izs.  in  boards,  158.  bound. 

N.  B.  Tbofewbo  are pqffefed  of  the  Greek  Harmo 
tbis  in  Englifli  <witbout  tbe  Critical  DilTertations,  Ss. 

%*  The  Greek  and  Englifli  Harmony  with  the  < 
tations,  complete  il.  is.  in  boards,  or  il.  4s.  bound. 

%%,  Institutes  of  Natural  and  Rbvealej 
in   two  Volumes,  8vo.  2d.  edition,  los*    6d.  in 
bound. 

N.  B.  Tbe  tbird  Part  of  tbis  ITork,  containing  tbe 
Revelation,  may  be  bad  alone,  %s,  6d,  fe^wed, 

34.  An  History  of  the  Corruptions  of  Ch 
with  a  general  ConduHon,  in  two  Parts.  Part  I 
Confiderations  addrefled  to  Unbelievers,  and  efpec 
Gibbon.  Part  IL  Containing  Confiderations  ad 
Advocates  for  the  prefent  Eltabiilbmenty  and  efpecis 
HuRD,  %  vols.  8vo.  lis.  in  boards,  or  i4**  ^ 
hound uniforinly  witb  tbe  tbreefoHowing  DepbNCBS  oJ 

b1.  108. 

25.  A  Reply  to  the  Animadvbrsi^^    ^^^  t\\e 
the  Corruptions  of  Christianity     •     eViC^^^ 

yoL.  III.  p  p        *  ^a  ^^ 


L 
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for  June,  17S3;  with  Obfervations  relating  to  the  Do6hineof 
the  Primitive  Churchy  concerning  the  Perfon  of  Christ,  Svo« 
It. 

m6.  Remarks  on  th«  Monthly  Rbview  of  the  Letters  to 
Dr.  HORSLEYj  in  which  the  Rev.  Mr.  Samuel  Badcock, 
the  writer  of  that  Reriew,  ii  called  upon  to  defend  what  he  has 
advanced  in  it,  6d. 

17.  Xetters  to  Dr.  HoRSLEYy  Archdeacon  of  St.  Albans* 
in  three  Paru,  containing  farther  Evidence  that  the  Primitive 
Cbriftian  Church  was  Unitarian^  78.  6d.  \ 

M.  B,    Tbife  lafi  tbru  Articles  together  im  boards •  9/.  01*  lOtr* 

s8.  An  History  of  Early  Opinions  concerning  Jesus 
ChrisTi  compiled  from  Original  Writers ;  proving  that  the 
Chriftian  Church  was  at  firft  Unitarian,  4  vols.  odUvo,  il« 
48.  in  boards,  or  il.  8«.  bound* 

1^.  A  General  History  of  the  pcRisTiAN  CHyRCB,  to  the  Fal| 
of  the  Weftern  Empire,  in  two  Volumes,  Octavo,  14s.  in  boards, 

30.  A  V^EW  of  the  Principles  and  Conduct  of  thePRq«> 
TBSTANT  Dissenters,  with  Refpeft  to  the'Civil  and  EcclefiaiU- 
cai  ConiUtution  of  England,  ad  edition,  is.  6d» 

31.  A  Free  Adhrbss  to  Protestant  Dissenters,  on  the 
<Sttbje6fcof  theLprd's  Supper,  3d  Edition,  with  Additions,  as— 

^.  B.  The  Additions  to  be  had  alone,  is. 

$1.  An  ApDRBss  to  Prot  ^stant  Di|isENTE|LS|  on  the  fub« 
ie(t  of  giving  the  Lord^s  Supper  to  Children,  is. 

33.  A  Free  Address  toPROTEiTANT  Dissenters,  on  the 
(ttbje^fc  of  CiruRCii  Discipiane  $  with  a  preliminary  Difcourfe 
concerning  the  Spirit  of  Cbriftianity,  and  the  Corruptions  of  it  by 
fiilfe  Notions  of  Religion,  as.  $d. 

34*  Letters  to  the  Authors  of  Remarks  am  frveratlate  Pah^ 
UcaikHs  relative  t^  the  DtJenterSf  in  a  letter  t§  Dr.  Pri^hj^ 
|ip  •      .         * 

35.  A  LsTTBR  to  a  Layman,  on  the  Subjea  of  Mr.  Lindfej^s 
Propofal  for  a  reformed  £nglU{i  Church,  on  the  Plan  of  the  Ute 
pr»  Samuel  Clark,  6^. 

3I.  Three  Letters  to  Dr.  Newcome,  Bifliop  of  yrtterfordf 
^  pie  Duration  of  oiu  Savio^fs  Miniftiyt  ^s.  fid* 

ST.  Lit- 
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37.  Letters  to  the  Jews  \  inviting  them  to  an  amicable  Dif- 
cufion  of  the  evidence  of  Chriftianity,  in  two  parts,  %s. 

N.  B.  Tbiprteiding  eight  Tracts,  No.  28  to  35,  inckfi'otf  may 
pi  bad  in  a  vob.  boards  X4.S.  ty  giving  wdersfor  Dr.  Prieftley*i  large 
tra6U. 

%%n  Defbncbi  of  UNiTAiiiANisM  fof  the  Year  1786;  con« 
f  aining  Letters  to  Dr.  Home,  Dean  of  '  Canterbury  \  to  the 
Young  Men,  who  are  in  a  Courfe  of  Education  for  the  Chriftiaa 
Miniftry,  at  the  Univerfities  of  Oxford  and  Cambridge  \  to  Dr. 
Price  \  and  to  Mr.  Parkhurft  \  on  the  Subje^  of  the  Perfon  of 
Chrift*  fecond  edition,  3s.  ' 

39.  Defences  of  Unit ARiANisM  for  the  Year  1787;  coht 
taining  Letters  to  the  Rev.  Dr.  Oeddes,  to  the  Rev.  Dr.  Price, 
Part  II.  and  to  the  Candidates  for  Orders  in  the  Two  Univerii« 
ties.  Part  II.  Relating  to  Mr.  Howet*s  Appendix  to  his  fourth 
Volume  of  Obfervations  on  Books,  a  Letter  by  an  Under- Gradu- 
nte  of  Oxford,  Dr.  Croft^s  Bampton  Le£lures«  and  feveral  other 
Publications,  as.  6d. 

40.  Defences  of  Unztarxanism  for  the  Years  1788  and  17892 
containing  Letters  to  the  Biihop  of  St.  Davids,  to  the  Rev.  Mr. 
Barnard,  the  Rev.  X>i.  Knowles,  and  the  Rev.  Mr.  Hawkins,  3s.  6d« 

41.  Discourses  on  Various  Subjects^  including  feveral 
on  Particular  Occasions,  6t.  in  boards. 

4a.  A  Catechism  for  Cbildren  and  Youn^  Ptrfins^  5th  Edit.  4d. 

43.  A  Scripture  Catechism,  confiftingofa  SeriesofQ^eT- 
tions  I  with  References  to  the  Scriptares,  inftead  of  Anfwers, 
^d.  Edition,  3d. 

44.  Dr.  Watts's  Hiftorical  Catechifm,  with  Alterations,  6d, 

45.  An  AppBAt*  totheferious  and  candid  Profeflbrs  ofChrif. 
tianity,  on  the  following  fubjeAs,  viz.  i.  The  Ufe  of  Reafon  in 
Matters  of  Religion,  a.  The  Power  of  Man  to  do  the  Will  of 
God.  3.  Original  Sin.  4.  Eledlion  and  Reprobation.  5.  The 
Pivinity  of  Chrift^  and  6.  Attonement  for  Sin  by  the  Death  of 
Chrift,  a  new  Edition  |  to  which  is  added,  a  Concife  Hiftory  of 
tlioCe  Doctrines,  ad.    An  Edition  in  large  Print,  6d. 

46.  A  Familiar  Illuftration  of  certain  paflages  of  Scripture^  re- 
lating to  the  fame  Subjedts,  the  id.  Edition   6d. 

47-  Considerations  for  the  Ufe  of  Youag  Men,  and  the 
parents  of  Young  Men,  ad  Edition,  ad. 

48.  A  Serious  Address  to  Mafters  of  Families,  with  Forms 
pf  Family  Prayer,  ad.  Edit.  9d« 

49*  A 
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49.  A  Fret  Addrefs  to  Proteflant  Diflfentert  as  fuch.  By  a 
Diflcnter.  A  new  Edition,  enlarged  and  cQiredted,  is.  6d.  An 
Aliowiince  is  ma4r  to  thofe  w|io  buy  this  Pamphlet  to  give  awajr. 

50.  Tb^  TaitTMPH  of  Truth  $  being  an  Account  of  the 
Trial  of  Mr.  Elwall,  for  Herefy  and  Blafphemy,  at  Stafford 
Aflizes,  before  Judge  Denton,  zd  Edition*  id, 

51.  A  Free  Address  to  thole  who  have  petitioned  for  the 
Repeal  of  the  late  At\  of  Parliament  in  favour  of  the  RouAir' 
Catholics,  id.  or  iis.  per  Hundred  to  giveaway. 

$%.  A  General  View  of  the  Arguments  for  the  Unity  of 
God,  and  againlt  the  Divinity  and  Pre-exiftence  of  Chrift,  from 
Reafon,  from  the  Scriptures^  and  from  Hiltory,  id  Edition,  ad. 

N.  B.  The  laft  Eleven  Trades  maj  be  bad  togitbgr^  in  boards^  4.S. 
6d.  by  giwt^  Orders Jer  Dr.  Pneftley*s  f mailer  Tratts. 

53.  A  Letter  to  the  Right  Honourable  William  Pitt, 
Firlt  Lord  of  the  Treafury,  and  Chancellor  *  of  the  Exchequer; 
on  the  Subje6k  of  Toleration  and  Church  Establish- 
ments i  occafioned  by  his  Speech  againft  the  Repeal  of  the 
Test  and  Corporation  Acts»  on  Wednefday  the  aift  of 
March,  17S7,  the  fecond  Edition,  is. 

54.  A  Sermon. preached  before  the  Congregations  of  the  Old 
and  New  Meetings,  at  Birmingham,  November  5,  1789,  re« 
commending  the  Condu6i  to  be  obferved  by  Diflenters  in  order  to 
procure  the  Repeal  of  the  Corporations  and  Teft  A6ts,  6d. 

55.  Letters  to  the-Rev.  Edward  Burn,  of  St.  Mary's  Chapel, 
Birmingham,  in  anfwer  to  his,  on  the  Infallibility  of  theapoftolic 
Teitimony  concerning  the  Perfon  of  Chrifl,  is. 

56.  Familiar  Letters,  addrefled  to  the  Inhabitants  of  the 
Town  of  Birmingham,  in  Refutation  of  feveral  Charges  advanced 
againft  the  DiiTenters,  by  the  Rev .  Mr.  Madan,  Rector  of  St.  Phi- 
lips in  hisSermon,  entitled,  **  The  principal  Claims  of  the  Dif- 
limters  confidered,*  preached  at  St.  Philip^s  Church,  on  Sunday^ 
February  14,  1790.    Parts  I.  II.  III.  and  IV.  js* 

Jlfo  Pub^/bed under  tbe  DireSion  rf  Dr.  Priestley. 

THE    THEOLOGICAL     REPQSITORY, 
Confifting  of  Original  Effays»  Hisitt,  Qjieries,  &c.  calculated  to 
promote  Religious  Knowledge,  in  fix  Volumes*  Svo.  Price  ih  i6t« 
in  boardsi  or  al«  at.  boui^d.  . 
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